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Background: Migrants account for a large and grow-
ing proportion of tuberculosis (TB) cases in low-
incidence countries in the European Union/European 
Economic Area (EU/EEA) which are primarily due to 
reactivation of latent TB infection (LTBI). Addressing 
LTBI among migrants will be critical to achieve TB 
elimination.  Methods:  We conducted a systematic 
review to determine effectiveness (performance of 
diagnostic tests, efficacy of treatment, uptake and 
completion of screening and treatment) and a sec-
ond systematic review on cost-effectiveness of LTBI 
screening programmes for migrants living in the EU/
EEA.  Results:  We identified seven systematic reviews 
and 16 individual studies that addressed our aims. 
Tuberculin skin tests and interferon gamma release 
assays had high sensitivity (79%) but when positive, 
both tests poorly predicted the development of active 
TB (incidence rate ratio: 2.07 and 2.40, respectively). 
Different LTBI treatment regimens had low to moder-
ate efficacy but were equivalent in preventing active 
TB. Rifampicin-based regimens may be preferred 
because of lower hepatotoxicity (risk ratio = 0.15) and 
higher completion rates (82% vs 69%) compared with 
isoniazid. Only 14.3% of migrants eligible for screen-
ing completed treatment because of losses along all 
steps of the LTBI care cascade. Limited economic anal-
yses suggest that the most cost-effective approach 
may be targeting young migrants from high TB inci-
dence countries. Discussion: The effectiveness of LTBI 
programmes is limited by the large pool of migrants 
with LTBI, poorly predictive tests, long treatments and 
a weak care cascade. Targeted LTBI programmes that 
ensure high screening uptake and treatment comple-
tion will have greatest individual and public health 
benefit.
Introduction
Tuberculosis (TB) control programmes in the European 
Union/European Economic area (EU/EEA) have suc-
cessfully managed to reduce TB rates by 50% over 
the past 20 years [1-4]. Although EU/EEA countries are 
committed to the ambitious World Health Organisation 
(WHO) goal of TB elimination, the rate of TB decline 
of 4.3% per year over the past decade (2007–2016) in 
the region is insufficient to achieve this goal [1-5]. It is 
projected that a mean decline of 18% per year will be 
necessary to meet the WHO goal and that TB control 
strategies must be scaled up, including addressing the 
burden of latent TB infection (LTBI) [3,5,6].
The foreign-born population makes up an increas-
ing and considerable number and proportion of all TB 
cases in EU/EEA countries with a low TB incidence (< 10 
cases/100,000 population) [7]. The majority of these 
2 www.eurosurveillance.org
cases are due to reactivation of LTBI acquired in the 
patients’ countries of origin. Although foreign-born 
people make up 11.4% of the population in the EU/EEA, 
they represented more than one quarter of reported TB 
cases in 2015 [4,8,9]. This burden is even greater in EU/
EEA countries with low TB incidence where often more 
than half of all reported TB cases occur in migrants [4]. 
This is because a considerable proportion of migrants 
were born in high TB burden countries where 26–46% 
of the population are latently infected with TB [4,10-
13]. The WHO has only conditionally recommended 
LTBI screening among migrants living in low TB burden 
countries (< 100 cases/100,000 population) owing to 
reservations about implementation and the low quality 
of evidence of the effectiveness and cost-effectiveness 
of LTBI programmes in these settings [6]. Screening the 
potentially large pool of latently infected migrants and 
treating those found to be positive poses an enormous 
challenge in the EU/EEA, especially since less than half 
of these countries have such programmes [11,14,15]. 
The aim of this study was to conduct a systematic 
review on the effectiveness and cost-effectiveness of 
screening for latent TB among migrants to the EU/EEA 
to inform migrant screening guidelines.
Methods
Overall approach and key questions
This review supports a project of the European 
Centre for Disease Prevention and Control (ECDC) 
to develop guidance on screening for six infectious 
diseases (chronic hepatitis C, hepatitis B, HIV, TB 
(active and latent), and intestinal parasites) in newly 
arrived migrants to the EU/EEA. The project followed 
the new Grading of Recommendations Assessment, 
Development and Evaluation (GRADE)-ADOLOPMENT 
approach to conduct systematic reviews on screen-
ing migrant populations for these six infectious dis-
eases [16]. The review protocol and the methods of 
ADOLOPMENT guideline development have been pub-
lished [16,17]. All reviews followed a Cochrane meth-
odological approach and the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
methods for reporting systematic reviews [18]. For this 
review, we developed research questions (PICO), an 
analytic framework to illustrate the screening evidence 
pathway, and identified and prioritised clinically-
important outcomes [19]. These evidence-based review 
methods were first described by the United States (US) 
Preventative Task Force [19,20]. We sought to answer 
two research questions: (i) what is the effectiveness 
of screening migrants arriving or living in the EU/EEA 
for LTBI and (ii) what is the resource use, costs and 
cost-effectiveness of screening migrants for LTBI? To 
address these questions, we developed an analytic 
framework (Figure 1) and the following key questions 
along the LTBI screening evidence pathway: (i) what 
are the test properties of LTBI screening tests: tuber-
culin skin test (TST), interferon gamma release assay 
(IGRA) or sequential TST/IGRA, (ii) what are the efficacy 
and harms of LTBI therapies, (iii) what is the uptake of 
screening and treatment and completion of treatment, 
Figure 1
Analytic framework for latent tuberculosis screening in migrants
No Screening
LTBI: 
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at risk
Quality of the data
OUTCOMES
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- TB hospitalisation
- TB mortality
- ↑ Transmission to others
- Quality of life
OUTCOMES
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- Quality of life
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LTBI screening:
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- IGRA
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6/9 INH, 4 RIF, 
3 RIF/INH, 
3 RPT/INH
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- Likelihood ratios
- Predictive values
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source countries
Educate
Eﬃcacy
- Adverse events
- Acceptability 
- Treatment completion
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eﬀectiveness
- Patient preferences
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IGRA: interferon gamma release assay; INH: isoniazid; LTBI: latent tuberculosis infection; RIF: rifampicin; RPT: rifapentine; TB: tuberculosis; 
TST: tuberculin skin test.
3www.eurosurveillance.org
and (iv) what is the cost-effectiveness of LTBI screen-
ing and treatment for migrants [17]. 
Search strategy and selection criteria
Following the GRADE-ADOLOPMENT process, we 
identified an evidence review that assessed the 
effectiveness of latent TB infection (LTBI) screening 
among migrants, published in 2011 by the Canadian 
Collaboration on Immigrant and Refugee Health 
(CCIRH), and used this as a starting point for our lit-
erature search (anchoring review) [16,21]. The CCIRH 
review included systematic reviews on the effective-
ness of LTBI screening in migrants up to 2008 but did 
not review cost-effectiveness. We therefore conducted 
two separate searches to address our research ques-
tions. The first search updated the CCIRH evidence 
review and identified systematic reviews and guide-
lines on the effectiveness and cost-effectiveness of 
TB screening programmes in migrant populations from 
2005 to 2016. The second search identified individual 
studies on the resource use, costs and cost-effective-
ness of TB screening programmes for migrants over 
a longer time, 2000 to 2016, given these topics were 
not covered in the CCIRH evidence review. For the first 
search, MEDLINE via Ovid, Embase, the Cumulative 
Index to Nursing and Allied Health Literature (CINAHL), 
Figure 2
PRISMA flow diagram, literature search for the effectiveness and cost-effectiveness of latent tuberculosis screening, 1 
January 2005–12 May 2016
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CINAHL: Cumulative Index to Nursing and Allied Health Literature; TB: tuberculosis.
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Epistemonikis, and Cochrane CENTRAL between 1 
January 2005 and 12 May 2016 were searched for evi-
dence on the effectiveness and cost-effectiveness 
of LTBI screening programmes in migrants. We used 
a combination of key terms including: ‘tuberculosis’, 
‘screening’, ‘chest-radiograph’, ‘tuberculin skin test’, 
‘interferon-gamma release assays’, ‘costs’, ‘cost-
effectiveness’ AND ‘guidelines’, ‘reviews’. The search 
terms and strategy in Ovid MEDLINE are included in 
Supplement 1. We also searched grey literature and 
published guidelines and reports at the US Centres 
for Disease Control and Prevention (CDC), ECDC, WHO, 
and the International Union Against Tuberculosis and 
Lung Disease (IUATLD). We did not apply language 
restrictions to the search. Additional guidelines and 
studies were identified by our co-authors and through 
searching bibliographies of included studies. In the 
second search, using the search terms on ‘tubercu-
losis’, ‘screening’, ‘costs’ and ‘cost-effectiveness’, 
we searched MEDLINE, Embase, the National Health 
Service Economic Evaluation Database (NHS EED), the 
Database of Abstracts of Reviews of Effects (DARE) and 
the Tufts Medical Center Cost Effectiveness Analysis 
Registry and Google scholar databases between 1 
January 2000 and 31 May 2016.
Figure 3
PRISMA flow diagram, literature search for the resource use, costs and cost-effectiveness of latent tuberculosis, 1 January 
2000–31 May 2016
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Table 1a
Characteristics of included studies for the effectiveness of latent tuberculosis screening, 2005–2016
Study Quality/certainty of evidence Design Population Intervention/outcomes Results
Kahwati 
et al. 2016 
[20]
Quality of systematic 
review 
 
AMSTAR: 6/11. 
 
 
 
Quality of data of 
included individual 
studies: fair to good 
 
as assessed by 
 
predefined criteria 
developed by USPSTF.
Systematic 
review 
 
up to 2016. 
 
 
 
Number of 
studies: 
 
n = 50 on 
sensitivity, n = 18 
on specificity.
Asymptomatic adults 
at increased risk for 
active TB: 
 
Sensitivity n = 4,167 
 
Specificity n = 10,693
Intervention: 
 
TST (5 mm, 10 mm, 15 mm), 
 
IGRA (T-SPOT.TB, QFT-2G, 
QFT-3G). 
 
 
 
Outcomes: 
 
Sensitivity, specificity (95% 
CI).
Sensitivity, specificity (95% CI) of LTBI 
screening tests: 
 
TST (5 mm): sensitivity: 79% (69–89), 
specificity 30–97%; 
 
TST (10 mm): sensitivity: 79% (71–87), 
specificity: 97% (96–99); 
 
TST (15 mm): sensitivity: 52% (35–68), 
specificity: 99% (98–99); 
 
IGRA (T-SPOT.TB): sensitivity: 90% (87–93), 
specificity: 95% (92–98); 
 
IGRA (QFT-2G): sensitivity: 77% (74–81), 
specificity: 98% (90–1.0); 
 
IGRA (QFT-3G): sensitivity: 80% (77–84), 
specificity 97% (94–99).
Pai et al. 
2008 [27]
Quality of systematic 
review 
 
AMSTAR: 5/11. 
 
 
 
Quality of data of 
included individual 
studies: very low as 
assessed by 
 
GRADE.
Systematic 
review up to 31 
March 2008, 
English language 
restriction: 
 
 
 
n = 38 studies, 
3 studies 
QFT in high 
TB incidence 
countries.
BCG-vaccinated; 
 
Not BCG-vaccinated; 
 
n = 1,879
Intervention: 
 
TST, IGRA (QFT-2G, QFT-3G, 
T-SPOT.TB). 
 
 
 
Outcomes: 
 
Sensitivity, specificity (95% 
CI).
Sensitivity, specificity (95% CI) of LTBI 
screening tests: 
 
TST overall: sensitivity: 77% (71–82). 
 
TST in BCG-vaccinated: specificity: 59% 
(46–73). 
 
TST in non-BCG-vaccinated: specificity: 97% 
(95–99). 
 
IGRA (QFT): sensitivity: 76% (72–80), 
specificity: 98% (96–99). 
 
IGRA (QFT-2G): sensitivity: 78% (73–82). 
 
IGRA (QFT-3G): sensitivity: 70% (63–78). 
 
IGRA in BCG-vaccinated: specificity: 96% 
(94–98). 
 
IGRA in non-BCG-vaccinated: specificity: 99% 
(98–100). 
 
IGRA (T-SPOT.TB/ ELISpot): sensitivity: 90% 
(86–93), specificity: 93% (86–100). 
 
IGRA (T-SPOT.TB): specificity: 87% (80–92).
Kik et al. 
2014 [28]
Quality of systematic 
review 
 
AMSTAR: 7/11. 
 
 
 
Quality of data of 
included individual 
studies: low as 
assessed by 
 
GRADE.
Systematic 
review 
 
1999 to February 
2014: 
 
 
 
n = 29 studies, 
19 prospective 
cohorts, only 
8/29 studies 
compared TST/
IGRA head to 
head.
Persons at high 
risk of LTBI, not 
on tuberculosis 
preventive therapy: 
 
 
 
Low TB incidencea 
 
< 100/100,000 
 
High TB incidencea 
 
> 100/100,000; 
 
High/intermediate 
incidencea 
 
> 40/100,000; 
 
n = 54,833
Intervention: 
 
IGRA, TST. 
 
 
 
Outcomes: 
 
PPV, NPV, RR (number of 
cases in those with positive 
test vs those with negative 
test), IRR (rate of disease in 
those with positive test vs 
those with negative test).
Screening tests characteristics: 
 
 
 
The pooled RR estimate: TST: 2.64 
(95%CI: 2.04–3.43), IGRA: 8.45 (95% 
CI: 4.13–17.3). 
 
 
 
The PPV: TST: 1–7%, IGRA: 0–13%. 
 
 
 
The NPV: TST: 92–100%, IGRA: 88–100%. 
 
 
 
The pooled IRR: TST: 2.07 (95% CI: 1.38–3.11), 
IGRA: 2.40 (95% CI: 1.26–4.60).
AMSTAR: A MeaSurement Tool to Assess systematic Reviews [22]; BCG: Bacillus Calmette–Guérin; CI: confidence interval; CrI: credible interval; ELISpot: Enzyme-
Linked ImmunoSpot; EMB: ethambutol; GRADE: The Grading of Recommendations Assessment, Development and Evaluation; HIV: human immunodeficiency 
virus; IGRA: interferon gamma release assay; INH: isoniazid; IRR: incidence rate ratio; LTBI: latent tuberculosis infection; NPV: negative predictive value; OR: 
odds ratio; PPV: positive predictive value; PZA: pyrazinamide; QFT: QuantiFERON; QFT-2G: QuantiFERON-TB Gold; QFT-3G/ QFT-GIT: QuantiFERON-TB, Gold 
In-Tube; RFB: rifabutin; RFP: rifampicin; RPT: rifapentine; RMP: rifampicin; RR: risk ratio; TB: tuberculosis; T-SPOT.TB: ELISPOT assay for tuberculosis; TST: 
tuberculin skin test; USPSTF: United States Preventive Services Task Force.
a Low, intermediate and high TB incidence as defined by [28].
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Study Quality/certainty of evidence Design Population Intervention/outcomes Results
Stagg et al. 
2014 [29]
Quality of systematic 
review 
 
AMSTAR: 8/11. 
 
 
 
Quality of data of 
included individual 
studies: unclear 
or high risk of 
bias for efficacy; 
evidence sparse 
for hepatotoxicity 
as assessed by 
Cochrane risk of bias 
tool.
Systematic 
review 
 
up to January 
2014: 
 
n = 53 studies
Patients with LTBI: 
 
 
 
n patients by regimen: 
 
range: 14 (RFB-
INH)–47,489 
(placebo).
Interventions: 
 
INH 3–4, 6, 9, 12–74 months, 
RFB-INH, RPT-INH, RMP, 
RMP-INH 1 month, RMP-INH 
3–4 months, RMP-INH-PZA, 
RMP-PZA, INH-EMB. 
 
 
 
Outcome: prevention of 
active TB; OR (95% CrI); risk 
of hepatotoxicity.
Various therapies containing RMP for ≥ 3 
months were efficacious at preventing active 
TB. 
 
Regimens containing RMP may be effective 
alternatives to INH monotherapy. 
 
 
 
Compared with placebo, OR (95% CrI): 
 
INH 6 months: 0.64 (0.48–0.83), INH 12–72 
months: 0.52 (0.41–0.66), RMP: 0.41 (0.18–
0.86), RMP-INH 3–4 months: 0.52 (0.34–0.79).
Sharma et 
al. 2014 
[30]
Quality of systematic 
review 
 
AMSTAR:11/11. 
 
 
 
Quality of data of 
included individual 
studies: very low 
to moderate as 
assessed by 
 
GRADE.
Systematic 
review 
 
up to December 
2012: 
 
n = 10 studies
HIV-negative with 
LTBI: 
 
10,717 patients, 2–5 
years follow-up.
Interventions: 
 
RMP 3–4 months, RMP + INH 
3 months vs INH 6–9 months, 
RMP + PZA 2 months vs INH 6 
months, RFP 900 mg weekly 
for 3 months + INH 900 mg for 
9 months. 
 
 
 
Outcome: rates of active 
TB/1,000, 5 years follow-up, 
treatment limiting adverse 
events, hepatotoxicity/1,000.
Effectiveness in preventing active TB, 
rate/1,000, RR (95% CI): 
 
RMP: 121 vs 150/1,000, RR = 0.81 (0.47–1.4); 
 
RMP + INH: 162 vs 150/1,000, RR = 1.08 
(0.65–1.79); 
 
RMP + PZA vs INH: 61 vs 47/1,000, RR = 1.32 
(0.42–4.13); 
 
RFP + INH: 2 vs 4/1,000, RR = 0.44 (0.18–1.07). 
 
 
 
The directly observed, shorter regimen had 
higher treatment completion: 82% vs 69%, 
RR = 1.19 (1.16 to 1.22). 
 
 
 
Hepatotoxicity: RMP vs INH, RR = 0.15 
0.07–0.4).
Alsdurf et 
al. 2016 
[31]
Quality of systematic 
review 
 
AMSTAR: 3/11. 
 
 
 
Quality of data of 
included individual 
studies: not reported 
but several gaps 
and limitations 
highlighted.
Systematic 
review 
 
1946 to April 
2015: 
 
 
 
Total: n = 58 
studies 
described, 70 
distinct studies: 
34 prospective 
 
36 retrospective. 
 
 
 
TST: 60 cohorts 
 
IGRA (+/− TST), 6 
cohorts, testing 
not reported in 4 
cohorts.
Patients with LTBI: 
 
748,572 patients.
Intervention: TST, IGRA. 
 
 
 
Outcomes: number of people 
eligible for screening tested; 
number who initiated and 
completed screening with 
IGRA or TST; number with 
positive tests who had chest 
radiographic and medical 
evaluation; number who were 
prescribed, started, and, 
completed treatment.
Steps in the TB cascade of care associated 
with greater losses included: 
 
Completion of testing: 71.9%, 95% CI: 
71.8–72.0; 
 
Completion of medical evaluation: 43.7%, 
95% CI: 42.5–44.9; 
 
Recommendation for treatment: 35.0%, 95% 
CI: 33.8–36.4; 
 
Completion of treatment if started: 18.8%, 
95% CI: 16.3–19.7. 
 
 
 
Steps with fewer losses included: receiving 
test results, referral for evaluation if test 
positive and accepting to start therapy if 
recommended. 
 
Factors associated with fewer losses 
included: having immunocompromising 
medical indications, being part of contact 
investigations, use of rifamycin-based 
regimens.
Table 1b
Characteristics of included studies for the effectiveness of latent tuberculosis screening, 2005–2016
AMSTAR: A MeaSurement Tool to Assess systematic Reviews [22]; BCG: Bacillus Calmette–Guérin; CI: confidence interval; CrI: credible interval; ELISpot: Enzyme-
Linked ImmunoSpot; EMB: ethambutol; GRADE: The Grading of Recommendations Assessment, Development and Evaluation; HIV: human immunodeficiency 
virus; IGRA: interferon gamma release assay; INH: isoniazid; IRR: incidence rate ratio; LTBI: latent tuberculosis infection; NPV: negative predictive value; OR: 
odds ratio; PPV: positive predictive value; PZA: pyrazinamide; QFT: QuantiFERON; QFT-2G: QuantiFERON-TB Gold; QFT-3G/ QFT-GIT: QuantiFERON-TB, Gold 
In-Tube; RFB: rifabutin; RFP: rifampicin; RPT: rifapentine; RMP: rifampicin; RR: risk ratio; TB: tuberculosis; T-SPOT.TB: ELISPOT assay for tuberculosis; TST: 
tuberculin skin test; USPSTF: United States Preventive Services Task Force.
a Low, intermediate and high TB incidence as defined by [28].
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Study selection and quality assessment
We identified and included systematic reviews and 
evidence-based guidelines that directly addressed 
each key question along the LTBI screening evidence 
chain (Figure 1) and prioritised those focusing on newly 
arrived (< 5 years in the host country) migrants. Migrant 
populations included non-forced economic migrants, 
refugees and asylum seekers, and illegal migrants who 
may have been forced to flee conflict, natural disas-
ter, or economic peril [17]. We only included studies 
published in full and in English or French. If more than 
one version of a systematic review was identified, the 
most recent was considered. Studies were excluded if 
there were not relevant to the key questions, if they 
were not a systematic review or guideline, if the study 
methodology was unclear, and if they focussed only 
on non-generalisable subgroups (such as healthcare 
workers or HIV-positive people) or addressed only 
active TB screening. Two authors screened the titles 
and abstracts, assessed selected full-text articles for 
eligibility and extracted data from included articles. 
Disagreements were resolved by consensus or by a 
third author. The methodological quality of system-
atic reviews was assessed using the AMSTAR tool (A 
Measurement Tool To Assess Systematic Reviews) and 
the quality of individual studies was assessed with the 
Newcastle-Ottawa scale [22,23]. The GRADE criteria 
were applied to assess the quality and certainty of the 
evidence of the individual studies included in the sys-
tematic reviews [24].
Data extraction and synthesis
The following information was extracted from each 
study; study design, objectives, analyses, quality 
of the individual studies included in the systematic 
review, population examined, number of included stud-
ies, total number of participants included, intervention, 
outcome and results. We created GRADE evidence pro-
files and summary of findings tables for each outcome 
where appropriate.
For each of the cost-effectiveness studies we extracted 
the following data: economic methods used (e.g. micro-
costing study, within-trial cost-utility analysis, Markov 
model), description of the case base population, the 
intervention and the comparator, absolute size and rel-
ative difference in resource use, and cost-effectiveness 
results (e.g. incremental net benefits (INB) or incremen-
tal cost-effectiveness ratio (ICER)) [25]. The certainty of 
economic evidence in each study was assessed using 
the relevant items from the 1997 Drummond check-
list [26]. All currencies were converted to 2015 Euros 
using the Cochrane web-based currency conversion 
tool:  https://eppi.ioe.ac.uk/costconversion/default.
aspx.
Results
Search results
In the first search on the effectiveness and cost-effec-
tiveness of TB screening programmes in migrants, we 
retrieved 3,375 studies and identified 22 additional 
records through other sources on the effectiveness of 
Study Quality/certainty of evidence Design Population Intervention/outcomes Results
Sandgren 
et al. 2016 
[32]
Quality of systematic 
review 
 
AMSTAR: 7/11. 
 
 
 
Quality of data 
of included 
individual studies: 
low to moderate 
as assessed by 
Cochrane risk of bias 
tool.
Systematic 
review 
 
up to February 
2014, English, 
French, Spanish, 
German, and 
Dutch: 
 
 
 
n = 95 studies, 43 
prospective, 52 
retrospective. 
 
45 studies 
on initiation 
rates, 20 were 
prospective. 
 
83 studies on 
completion 
rates, 39 were 
prospective.
General population, 
case contacts, 
health workers, 
homeless, drug 
users, HIV-positive, 
inmates, immigrants, 
and patients with 
comorbidities 
 
n = not reported.
Intervention: short 
intervention: ≤ 4 months RMP 
or 2 months RMP + PZA; long 
intervention: (≥ 4 months) 
6–9 months INH; combined 
intervention. 
 
 
 
Outcomes: treatment 
initiation rate, treatment 
completion rate.
Range of initiation rate and completion rate: 
 
General population: 26–99%, 39–96%; 
 
Case contacts: 40–95%, 48–82%; 
 
Healthcare workers: 47–98%, 17–79%; 
 
Homeless: 34–90%, 23–71%; 
 
Intravenous drug users: 52–91%; 38–89%; 
 
HIV-infected: 67–92%, 55–95%; 
 
Inmates: 7–90%, 4–100%; 
 
Immigrants: 23–97%, 86%; 
 
Patients with comorbidities: 82–93%, 
75–92%.
AMSTAR: A MeaSurement Tool to Assess systematic Reviews [22]; BCG: Bacillus Calmette–Guérin; CI: confidence interval; CrI: credible interval; ELISpot: Enzyme-
Linked ImmunoSpot; EMB: ethambutol; GRADE: The Grading of Recommendations Assessment, Development and Evaluation; HIV: human immunodeficiency 
virus; IGRA: interferon gamma release assay; INH: isoniazid; IRR: incidence rate ratio; LTBI: latent tuberculosis infection; NPV: negative predictive value; OR: 
odds ratio; PPV: positive predictive value; PZA: pyrazinamide; QFT: QuantiFERON; QFT-2G: QuantiFERON-TB Gold; QFT-3G/ QFT-GIT: QuantiFERON-TB, Gold 
In-Tube; RFB: rifabutin; RFP: rifampicin; RPT: rifapentine; RMP: rifampicin; RR: risk ratio; TB: tuberculosis; T-SPOT.TB: ELISPOT assay for tuberculosis; TST: 
tuberculin skin test; USPSTF: United States Preventive Services Task Force.
a Low, intermediate and high TB incidence as defined by [28].
Table 1c
Characteristics of included studies for the effectiveness of latent tuberculosis screening, 2005–2016
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ys
es
 w
er
e 
pr
ov
id
ed
. 
 
Th
e 
co
st
-e
ff
ec
tiv
en
es
s 
re
su
lts
 w
er
e 
se
ns
iti
ve
 
to
 p
at
ie
nt
 a
ge
 a
nd
 ra
te
s 
of
 T
B 
re
ac
tiv
at
io
n,
 
se
ns
iti
vi
ty
 o
f I
G
RA
, I
G
RA
 te
st
 c
os
t, 
ad
he
re
nc
e 
to
 
IN
H 
th
er
ap
y 
an
d 
qu
al
it
y 
of
 li
fe
 (u
til
it
y)
 p
os
t a
ct
iv
e 
TB
.
M
et
ho
d:
 d
ec
is
io
n-
an
al
yt
ic
 M
ar
ko
v 
m
od
el
, 
US
 h
ea
lth
ca
re
 p
er
sp
ec
tiv
e,
 c
os
ts
 in
 2
01
1 
US
 
do
lla
rs
, 3
%
 d
is
co
un
t r
at
e.
 
   
Po
pu
la
tio
n:
 re
ce
nt
 im
m
ig
ra
nt
s 
(a
du
lts
 a
nd
 
ch
ild
re
n)
, f
or
ei
gn
-b
or
n 
re
si
de
nt
s 
liv
in
g 
in
 th
e 
US
 fo
r m
or
e 
th
an
 5
 y
ea
rs
, c
lo
se
 c
on
ta
ct
 a
du
lts
 
an
d 
ch
ild
re
n,
 in
di
vi
du
al
s 
w
ith
 H
IV
, h
om
el
es
s,
 
in
je
ct
io
n 
dr
ug
 u
se
rs
, f
or
m
er
 p
ri
so
ne
rs
, 
ga
st
re
ct
om
y 
pa
tie
nt
s,
 u
nd
er
w
ei
gh
t p
at
ie
nt
s,
 
in
di
vi
du
al
s 
w
ith
 s
ili
co
si
s,
 d
ia
be
te
s 
or
 e
nd
-
st
ag
e 
re
na
l d
is
ea
se
.
Fo
ur
 s
tr
at
eg
ie
s:
 
 
(i)
 N
o 
Sc
re
en
in
g 
 
(ii
) T
ST
 
 
(ii
i) 
IG
RA
 
 
(iv
) S
cr
ee
ni
ng
 h
ig
h-
ri
sk
 g
ro
up
s
IC
ER
 (U
SD
/Q
AL
Y)
: 
   
Ch
ild
 c
lo
se
 c
on
ta
ct
s:
 
 
TS
T 
vs
 n
o 
sc
re
en
in
g:
 U
SD
 
6,
20
0 
(E
UR
 5
,1
66
); 
 
IG
RA
 v
s 
TS
T:
 U
SD
 2
1,
10
0 
(E
UR
 1
7,
58
2)
. 
   
Ad
ul
t c
lo
se
 c
on
ta
ct
s:
 
 
TS
T 
vs
 n
o 
sc
re
en
in
g:
 U
SD
 
8,
90
0 
(E
UR
 7
,4
16
); 
 
IG
RA
 v
s 
TS
T:
 U
SD
 2
1,
50
0 
(E
UR
 1
7,
91
5)
. 
   
Fo
re
ig
n-
bo
rn
 in
di
vi
du
al
s:
 
 
IG
RA
 d
om
in
at
ed
 T
ST
; 
 
IG
RA
 v
s 
no
 s
cr
ee
ni
ng
: <
 U
SD
 
70
,0
00
 (E
UR
 5
8,
32
9)
. 
   
Re
ce
nt
 im
m
ig
ra
nt
 c
hi
ld
re
n 
an
d 
ad
ul
ts
: 
 
IG
RA
 d
om
in
at
ed
 T
ST
; 
 
IG
RA
 v
s 
no
 s
cr
ee
ni
ng
: 
 
Ad
ul
t i
m
m
ig
ra
nt
s:
 U
S 
35
,2
00
 (E
UR
 2
9,
33
1)
; 
 
Ch
ild
re
n:
 U
SD
 7
4,
80
0 
(E
UR
 
62
,3
28
).
To
ta
l c
os
ts
 a
nd
 re
so
ur
ce
 re
qu
ire
m
en
ts
 n
ot
 re
po
rt
ed
.
BC
G:
 B
ac
ill
us
 C
al
m
et
te
–G
ué
ri
n;
 C
AD
: C
an
ad
ia
n 
do
lla
r;
 C
EA
: c
os
t e
ff
ec
tiv
e 
an
al
ys
is
; C
XR
: c
he
st
 ra
di
og
ra
ph
y;
 E
LI
Sp
ot
: E
nz
ym
e-
Li
nk
ed
 Im
m
un
oS
po
t;
 G
BP
: B
ri
tis
h 
po
un
d;
 E
UR
: E
ur
o;
 H
IV
: h
um
an
 im
m
un
od
ef
ic
ie
nc
y 
vi
ru
s;
 IC
ER
: i
nc
re
m
en
ta
l 
co
st
-e
ff
ec
tiv
en
es
s 
ra
tio
; I
G
RA
: I
nt
er
fe
ro
n 
Ga
m
m
a 
Re
le
as
e 
As
sa
y;
 IN
B:
 in
cr
em
en
ta
l n
et
 b
en
ef
it;
 IN
H:
 is
on
ia
zi
d;
 L
TB
I: 
la
te
nt
 tu
be
rc
ul
os
is
 in
fe
ct
io
n;
 N
HS
: N
at
io
na
l H
ea
lth
 S
er
vi
ce
; N
IC
E:
 T
he
 N
at
io
na
l I
ns
tit
ut
e 
fo
r H
ea
lth
 a
nd
 C
ar
e 
Ex
ce
lle
nc
e;
 P
SA
: p
ro
ba
bi
lis
tic
 s
en
si
tiv
it
y 
an
al
ys
is
; P
ZA
: p
yr
az
in
am
id
e;
 Q
AL
Y:
 q
ua
lit
y-
ad
ju
st
ed
 li
fe
 y
ea
rs
; G
ol
d 
In
-T
ub
e;
 Q
FT
: Q
ua
nt
iF
ER
O
N;
 Q
FT
-G
IT
: Q
ua
nt
iF
ER
O
N
-T
B,
 G
ol
d 
In
-T
ub
e;
 R
IF
: r
ifa
m
pi
ci
n;
 R
M
P:
 ri
fa
m
pi
ci
n;
 S
C;
 S
ou
th
 C
ar
ol
in
a;
 
TB
: t
ub
er
cu
lo
si
s;
 T
ST
: t
ub
er
cu
lin
 s
ki
n 
te
st
; T
-S
PO
T.
TB
: E
LI
SP
O
T 
as
sa
y 
fo
r t
ub
er
cu
lo
si
s;
 U
K:
 U
ni
te
d 
Ki
ng
do
m
; U
S:
 U
ni
te
d 
St
at
es
; U
SD
: U
S 
do
lla
r;
 Y
LG
: y
ea
rs
 o
f l
ife
 g
ai
ne
d.
Th
e 
Dr
um
m
on
d 
Cr
ite
ri
a 
in
cl
ud
e 
[2
6]
: (
i) 
W
as
 a
 w
el
l-d
ef
in
ed
 q
ue
st
io
n 
po
se
d 
in
 a
ns
w
er
ab
le
 fo
rm
? 
(ii
) W
as
 a
 c
om
pr
eh
en
si
ve
 d
es
cr
ip
tio
n 
of
 th
e 
co
m
pe
tin
g 
al
te
rn
at
iv
es
 g
iv
en
 (i
.e
. c
an
 y
ou
 te
ll 
w
ho
 d
id
 w
ha
t t
o 
w
ho
m
, w
he
re
, a
nd
 h
ow
 
of
te
n)
? 
(ii
i) 
W
as
 th
e 
ef
fe
ct
iv
en
es
s 
of
 th
e 
pr
og
ra
m
m
e 
or
 s
er
vi
ce
s 
es
ta
bl
is
he
d?
 (i
v)
 W
er
e 
al
l t
he
 im
po
rt
an
t a
nd
 re
le
va
nt
 c
os
ts
 a
nd
 c
on
se
qu
en
ce
s 
fo
r e
ac
h 
al
te
rn
at
iv
e 
id
en
tif
ie
d?
 (v
) W
er
e 
co
st
s 
an
d 
co
ns
eq
ue
nc
es
 m
ea
su
re
d 
ac
cu
ra
te
ly
 
in
 a
pp
ro
pr
ia
te
 p
hy
si
ca
l u
ni
ts
 (e
.g
. h
ou
rs
 o
f n
ur
si
ng
 ti
m
e,
 n
um
be
r o
f p
hy
si
ci
an
 v
is
its
, l
os
t w
or
ki
ng
 d
ay
s,
 g
ai
ne
d 
lif
e 
ye
ar
s)
? 
(v
i) 
W
er
e 
th
e 
co
st
 a
nd
 c
on
se
qu
en
ce
s 
va
lu
ed
 c
re
di
bl
y?
 (v
ii)
 W
er
e 
co
st
s 
an
d 
co
ns
eq
ue
nc
es
 a
dj
us
te
d 
fo
r 
di
ff
er
en
tia
l t
im
in
g?
 (v
iii
) W
as
 a
n 
in
cr
em
en
ta
l a
na
ly
si
s 
of
 c
os
ts
 a
nd
 c
on
se
qu
en
ce
s 
of
 a
lte
rn
at
iv
es
 p
er
fo
rm
ed
? 
(ix
) W
as
 a
llo
w
an
ce
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s?
 (x
) D
id
 th
e 
pr
es
en
ta
tio
n 
an
d 
di
sc
us
si
on
 o
f s
tu
dy
 re
su
lts
 in
cl
ud
e 
al
l i
ss
ue
s 
of
 c
on
ce
rn
 to
 u
se
rs
?
Al
l c
ur
re
nc
ie
s 
w
er
e 
co
nv
er
te
d 
to
 2
01
5 
Eu
ro
s 
us
in
g 
th
e 
Co
ch
ra
ne
 w
eb
-b
as
ed
 c
ur
re
nc
y 
co
nv
er
si
on
 to
ol
: h
tt
ps
:/
/e
pp
i.i
oe
.a
c.
uk
/c
os
tc
on
ve
rs
io
n/
de
fa
ul
t.
as
px
. R
es
ou
rc
e 
us
e 
w
as
 e
xp
re
ss
ed
 in
 c
os
t p
er
 p
er
so
n 
an
d 
cl
as
si
fie
d 
as
 lo
w
 (s
av
in
gs
 
or
 ≤ 
US
D 
1,
00
0/
pe
rs
on
 o
r E
UR
 8
08
), 
m
od
er
at
e (
US
D 
1,
00
0–
10
0,
00
0/
pe
rs
on
 o
r E
UR
 8
08
–8
0,
84
5)
 o
r h
ig
h 
(U
SD
 ≥ 
10
0,
00
0/
pe
rs
on
 o
r E
UR
 > 
80
,8
45
).
12 www.eurosurveillance.org
Ta
bl
e 
2e
Ch
ar
ac
te
ris
tic
s o
f i
nc
lu
de
d 
st
ud
ie
s f
or
 th
e 
re
so
ur
ce
 u
se
, c
os
ts
 a
nd
 c
os
t-e
ffe
ct
iv
en
es
s o
f l
at
en
t t
ub
er
cu
lo
sis
 sc
re
en
in
g,
 2
00
0–
20
16
St
ud
y
Ce
rt
ai
nt
y 
of
 e
co
no
m
ic
 e
vi
de
nc
e 
ba
se
d 
on
 th
e 
Dr
um
m
on
d 
cr
ite
ria
 [2
6]
M
et
ho
ds
 /
po
pu
la
tio
n
In
te
rv
en
tio
n(
s)
Co
st
-e
ff
ec
tiv
en
es
s 
(IC
ER
 o
r 
IN
B)
 p
er
 c
as
e 
pr
ev
en
te
d
H
ow
 la
rg
e 
ar
e 
th
e 
re
so
ur
ce
 re
qu
ire
m
en
ts
 (c
os
ts
)
Pa
re
ek
 e
t a
l. 
20
12
 [4
8]
Ce
rt
ai
nt
y 
of
 e
vi
de
nc
e:
 m
od
er
at
e 
 
al
lo
w
an
ce
 w
as
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s;
 ra
ng
es
 
w
er
e 
pr
ov
id
ed
. 
 
No
 P
SA
 w
as
 p
er
fo
rm
ed
. 
 
Ju
st
ifi
ca
tio
n 
fo
r r
an
ge
s 
us
ed
 in
 o
ne
 a
nd
 tw
o-
w
ay
 
se
ns
iti
vi
ty
 a
na
ly
se
s 
w
er
e 
pr
ov
id
ed
. 
 
Th
e 
co
st
-e
ff
ec
tiv
en
es
s 
re
su
lts
 w
er
e 
se
ns
iti
ve
 
to
 d
ia
gn
os
tic
 s
pe
ci
fic
it
y 
of
 s
cr
ee
ni
ng
 te
st
s;
 
pr
op
or
tio
n 
of
 im
m
ig
ra
nt
s 
co
m
m
en
ci
ng
 a
nd
 
co
m
pl
et
in
g 
tr
ea
tm
en
t;
 c
os
ts
 o
f s
cr
ee
ni
ng
 fo
r L
TB
I.
M
et
ho
d:
 d
ec
is
io
n-
an
al
yt
ic
 m
od
el
, i
np
ut
s 
de
ri
ve
d 
fr
om
 c
oh
or
t s
tu
dy
 o
f i
m
m
ig
ra
nt
s 
in
 
Lo
nd
on
, 2
0-
ye
ar
 ti
m
e 
ho
ri
zo
n,
 c
os
ts
 in
 2
01
0 
G
B 
po
un
ds
. 
   
Po
pu
la
tio
n:
 m
ig
ra
nt
s 
re
gi
st
er
ed
 w
ith
 o
ne
 o
f 
fo
ur
 p
ar
tic
ip
at
in
g 
pr
im
ar
y 
ca
re
 p
ra
ct
ic
es
 in
 
Lo
nd
on
, E
ng
la
nd
 b
et
w
ee
n 
O
ct
ob
er
 2
00
8 
an
d 
Ju
ne
 2
01
0
Fo
ur
 s
tr
at
eg
ie
s:
 
 
(i)
 N
o 
po
rt
-o
f-
en
tr
y 
CX
R  
(ii
) P
or
t-
of
-e
nt
ry
 C
XR
 
 
(ii
i) 
Q
FT
 
 
(iv
) T
-S
PO
T.
TB
Th
e 
tw
o 
m
os
t c
os
t-
ef
fe
ct
iv
e 
sc
re
en
in
g 
st
ra
te
gi
es
: 
   
No
 p
or
t-
of
-e
nt
ry
 
CX
R 
+ 
si
ng
le
-s
te
p 
Q
FT
-G
IT
 a
t 
in
ci
de
nc
e 
of
 2
50
/1
00
,0
00
: 
IC
ER
 o
f G
BP
 2
1,
56
5/
ca
se
 
av
er
te
d 
(E
UR
 2
6,
10
5)
; 
   
No
 p
or
t-
of
-e
nt
ry
 
CX
R 
+ 
si
ng
le
-s
te
p 
Q
FT
-G
IT
 
at
 1
50
/1
00
,0
00
 in
ci
de
nc
e:
 
IC
ER
: G
BP
 3
1,
86
7/
ca
se
 
av
er
te
d 
(E
UR
 3
8,
57
6)
.
M
od
er
at
e 
to
 la
rg
e 
co
st
s 
fo
r t
he
 tw
o 
lis
te
d 
(c
os
t-
ef
fe
ct
iv
e)
 
si
ng
le
-s
te
p 
Q
FT
 s
tr
at
eg
ie
s.
 
   
At
 th
e 
in
ci
de
nc
e 
th
re
sh
ol
d,
 to
ta
l c
os
ts
: 
 
25
0/
10
0,
00
0:
 G
BP
 8
39
,7
13
 (E
UR
 1
,0
16
,5
18
); 
 
15
0/
10
0,
00
0:
 G
BP
 1
,0
89
,1
77
 (E
UR
 1
,3
18
,5
08
). 
   
To
ta
l c
os
ts
 p
er
 1
0,
00
0 
sc
re
en
ed
: 
 
No
 s
cr
ee
ni
ng
: G
BP
 6
59
,6
09
 (E
UR
 7
98
,4
93
) 
 
T-
SP
O
T.
TB
 (+
CX
R 
at
 p
or
t o
f a
rr
iv
al
): 
G
BP
 2
,1
89
,9
12
 (E
UR
 
2,
65
1,
00
9)
Pa
re
ek
 e
t a
l. 
20
11
 [3
5]
Ce
rt
ai
nt
y 
of
 e
vi
de
nc
e:
 m
od
er
at
e 
al
lo
w
an
ce
 w
as
 
m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 
an
d 
co
ns
eq
ue
nc
es
; r
an
ge
s 
w
er
e 
pr
ov
id
ed
. 
 
No
 P
SA
 w
as
 p
er
fo
rm
ed
. 
 
Ju
st
ifi
ca
tio
n 
fo
r r
an
ge
s 
us
ed
 in
 o
ne
-w
ay
 
se
ns
iti
vi
ty
 a
na
ly
se
s 
w
as
 p
ro
vi
de
d.
 
 
Th
e 
co
st
-e
ff
ec
tiv
en
es
s 
re
su
lts
 w
er
e 
ro
bu
st
 to
 a
ll 
ra
ng
es
 te
st
ed
.
M
et
ho
d:
 d
ec
is
io
n-
an
al
yt
ic
 M
ar
ko
v 
m
od
el
, U
K 
NH
S 
pe
rs
pe
ct
iv
e,
 m
od
el
 in
pu
ts
 d
er
iv
ed
 fr
om
 
m
ul
ti-
ce
nt
re
 c
oh
or
t s
tu
dy
 o
f i
m
m
ig
ra
nt
s 
in
 
th
e 
UK
, 2
0-
ye
ar
 ti
m
e 
ho
ri
zo
n,
 c
os
ts
 in
 2
01
0 
G
B 
po
un
ds
. 
   
Po
pu
la
tio
n:
 im
m
ig
ra
nt
s 
ar
ri
vi
ng
 to
 U
K 
fr
om
 
co
un
tr
ie
s 
w
ith
 v
ar
yi
ng
 T
B 
in
ci
de
nc
e.
Tw
o 
st
ra
te
gi
es
: 
 
(i)
 N
IC
E 
gu
id
el
in
es
 
20
06
 
 
(ii
) Q
FT
 te
st
in
g 
fo
r n
ew
ly
 a
rr
iv
ed
 
m
ig
ra
nt
s <
 3
5 
ye
ar
s
Th
e 
tw
o 
m
os
t c
os
t-
ef
fe
ct
iv
e 
st
ra
te
gi
es
 w
er
e:
 
   
Sc
re
en
 in
di
vi
du
al
s 
fr
om
 c
ou
nt
ri
es
 w
ith
 
in
ci
de
nc
e >
 2
50
/1
00
,0
00
: 
IC
ER
 o
f G
BP
 1
7,
95
6 
pe
r c
as
e 
av
er
te
d 
(E
UR
 2
1,
73
6)
; 
   
Sc
re
en
 a
t i
nc
id
en
ce
 
> 1
50
/1
00
,0
00
: I
CE
R 
of
 G
BP
 
20
,8
19
 p
er
 c
as
e 
av
er
te
d 
(E
UR
 2
5,
20
2)
.
M
od
er
at
e 
to
 la
rg
e 
co
st
s 
co
m
pa
re
d 
w
ith
 n
o 
sc
re
en
in
g.
 
   
To
ta
l c
os
ts
: 
 
No
 s
cr
ee
ni
ng
: G
BP
 6
08
,3
70
 (E
UR
 7
36
,4
65
); 
 
IG
RA
 (u
p 
to
 a
ge
 3
5)
: G
BP
 1
,5
32
,2
57
 (E
UR
 1
,8
54
,8
81
).
BC
G:
 B
ac
ill
us
 C
al
m
et
te
–G
ué
ri
n;
 C
AD
: C
an
ad
ia
n 
do
lla
r;
 C
EA
: c
os
t e
ff
ec
tiv
e 
an
al
ys
is
; C
XR
: c
he
st
 ra
di
og
ra
ph
y;
 E
LI
Sp
ot
: E
nz
ym
e-
Li
nk
ed
 Im
m
un
oS
po
t;
 G
BP
: B
ri
tis
h 
po
un
d;
 E
UR
: E
ur
o;
 H
IV
: h
um
an
 im
m
un
od
ef
ic
ie
nc
y 
vi
ru
s;
 IC
ER
: i
nc
re
m
en
ta
l 
co
st
-e
ff
ec
tiv
en
es
s 
ra
tio
; I
G
RA
: I
nt
er
fe
ro
n 
Ga
m
m
a 
Re
le
as
e 
As
sa
y;
 IN
B:
 in
cr
em
en
ta
l n
et
 b
en
ef
it;
 IN
H:
 is
on
ia
zi
d;
 L
TB
I: 
la
te
nt
 tu
be
rc
ul
os
is
 in
fe
ct
io
n;
 N
HS
: N
at
io
na
l H
ea
lth
 S
er
vi
ce
; N
IC
E:
 T
he
 N
at
io
na
l I
ns
tit
ut
e 
fo
r H
ea
lth
 a
nd
 C
ar
e 
Ex
ce
lle
nc
e;
 P
SA
: p
ro
ba
bi
lis
tic
 s
en
si
tiv
it
y 
an
al
ys
is
; P
ZA
: p
yr
az
in
am
id
e;
 Q
AL
Y:
 q
ua
lit
y-
ad
ju
st
ed
 li
fe
 y
ea
rs
; G
ol
d 
In
-T
ub
e;
 Q
FT
: Q
ua
nt
iF
ER
O
N;
 Q
FT
-G
IT
: Q
ua
nt
iF
ER
O
N
-T
B,
 G
ol
d 
In
-T
ub
e;
 R
IF
: r
ifa
m
pi
ci
n;
 R
M
P:
 ri
fa
m
pi
ci
n;
 S
C;
 S
ou
th
 C
ar
ol
in
a;
 
TB
: t
ub
er
cu
lo
si
s;
 T
ST
: t
ub
er
cu
lin
 s
ki
n 
te
st
; T
-S
PO
T.
TB
: E
LI
SP
O
T 
as
sa
y 
fo
r t
ub
er
cu
lo
si
s;
 U
K:
 U
ni
te
d 
Ki
ng
do
m
; U
S:
 U
ni
te
d 
St
at
es
; U
SD
: U
S 
do
lla
r;
 Y
LG
: y
ea
rs
 o
f l
ife
 g
ai
ne
d.
Th
e 
Dr
um
m
on
d 
Cr
ite
ri
a 
in
cl
ud
e 
[2
6]
: (
i) 
W
as
 a
 w
el
l-d
ef
in
ed
 q
ue
st
io
n 
po
se
d 
in
 a
ns
w
er
ab
le
 fo
rm
? 
(ii
) W
as
 a
 c
om
pr
eh
en
si
ve
 d
es
cr
ip
tio
n 
of
 th
e 
co
m
pe
tin
g 
al
te
rn
at
iv
es
 g
iv
en
 (i
.e
. c
an
 y
ou
 te
ll 
w
ho
 d
id
 w
ha
t t
o 
w
ho
m
, w
he
re
, a
nd
 h
ow
 
of
te
n)
? 
(ii
i) 
W
as
 th
e 
ef
fe
ct
iv
en
es
s 
of
 th
e 
pr
og
ra
m
m
e 
or
 s
er
vi
ce
s 
es
ta
bl
is
he
d?
 (i
v)
 W
er
e 
al
l t
he
 im
po
rt
an
t a
nd
 re
le
va
nt
 c
os
ts
 a
nd
 c
on
se
qu
en
ce
s 
fo
r e
ac
h 
al
te
rn
at
iv
e 
id
en
tif
ie
d?
 (v
) W
er
e 
co
st
s 
an
d 
co
ns
eq
ue
nc
es
 m
ea
su
re
d 
ac
cu
ra
te
ly
 
in
 a
pp
ro
pr
ia
te
 p
hy
si
ca
l u
ni
ts
 (e
.g
. h
ou
rs
 o
f n
ur
si
ng
 ti
m
e,
 n
um
be
r o
f p
hy
si
ci
an
 v
is
its
, l
os
t w
or
ki
ng
 d
ay
s,
 g
ai
ne
d 
lif
e 
ye
ar
s)
? 
(v
i) 
W
er
e 
th
e 
co
st
 a
nd
 c
on
se
qu
en
ce
s 
va
lu
ed
 c
re
di
bl
y?
 (v
ii)
 W
er
e 
co
st
s 
an
d 
co
ns
eq
ue
nc
es
 a
dj
us
te
d 
fo
r 
di
ff
er
en
tia
l t
im
in
g?
 (v
iii
) W
as
 a
n 
in
cr
em
en
ta
l a
na
ly
si
s 
of
 c
os
ts
 a
nd
 c
on
se
qu
en
ce
s 
of
 a
lte
rn
at
iv
es
 p
er
fo
rm
ed
? 
(ix
) W
as
 a
llo
w
an
ce
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s?
 (x
) D
id
 th
e 
pr
es
en
ta
tio
n 
an
d 
di
sc
us
si
on
 o
f s
tu
dy
 re
su
lts
 in
cl
ud
e 
al
l i
ss
ue
s 
of
 c
on
ce
rn
 to
 u
se
rs
?
Al
l c
ur
re
nc
ie
s 
w
er
e 
co
nv
er
te
d 
to
 2
01
5 
Eu
ro
s 
us
in
g 
th
e 
Co
ch
ra
ne
 w
eb
-b
as
ed
 c
ur
re
nc
y 
co
nv
er
si
on
 to
ol
: h
tt
ps
:/
/e
pp
i.i
oe
.a
c.
uk
/c
os
tc
on
ve
rs
io
n/
de
fa
ul
t.
as
px
. R
es
ou
rc
e 
us
e 
w
as
 e
xp
re
ss
ed
 in
 c
os
t p
er
 p
er
so
n 
an
d 
cl
as
si
fie
d 
as
 lo
w
 (s
av
in
gs
 
or
 ≤ 
US
D 
1,
00
0/
pe
rs
on
 o
r E
UR
 8
08
), 
m
od
er
at
e (
US
D 
1,
00
0–
10
0,
00
0/
pe
rs
on
 o
r E
UR
 8
08
–8
0,
84
5)
 o
r h
ig
h 
(U
SD
 ≥ 
10
0,
00
0/
pe
rs
on
 o
r E
UR
 > 
80
,8
45
).
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Ta
bl
e 
2f
Ch
ar
ac
te
ris
tic
s o
f i
nc
lu
de
d 
st
ud
ie
s f
or
 th
e 
re
so
ur
ce
 u
se
, c
os
ts
 a
nd
 c
os
t-e
ffe
ct
iv
en
es
s o
f l
at
en
t t
ub
er
cu
lo
sis
 sc
re
en
in
g,
 2
00
0–
20
16
St
ud
y
Ce
rt
ai
nt
y 
of
 e
co
no
m
ic
 e
vi
de
nc
e 
ba
se
d 
on
 th
e 
Dr
um
m
on
d 
cr
ite
ria
 [2
6]
M
et
ho
ds
 /
po
pu
la
tio
n
In
te
rv
en
tio
n(
s)
Co
st
-e
ff
ec
tiv
en
es
s 
(IC
ER
 o
r 
IN
B)
 p
er
 c
as
e 
pr
ev
en
te
d
H
ow
 la
rg
e 
ar
e 
th
e 
re
so
ur
ce
 re
qu
ire
m
en
ts
 (c
os
ts
)
Ha
rd
y 
et
 a
l. 
20
10
 [4
0]
Ce
rt
ai
nt
y 
of
 e
vi
de
nc
e:
 lo
w
. 
 No
 a
llo
w
an
ce
 w
as
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s.
 
 No
 P
SA
 w
as
 p
er
fo
rm
ed
. 
 No
t a
pp
lic
ab
le
 –
 n
o 
se
ns
iti
vi
ty
 a
na
ly
se
s 
un
de
rt
ak
en
. 
 No
 c
os
t-
ef
fe
ct
iv
en
es
s 
re
su
lts
 p
re
se
nt
ed
.
M
et
ho
d:
 c
os
t a
na
ly
si
s 
ba
se
d 
on
 a
 c
oh
or
t 
st
ud
y 
at
 th
e 
Le
ed
s 
TB
 s
cr
ee
ni
ng
 s
er
vi
ce
 fo
r 
im
m
ig
ra
nt
s 
fr
om
 h
ig
h-
in
ci
de
nc
e 
co
un
tr
ie
s.
 
   Po
pu
la
tio
n:
 im
m
ig
ra
nt
s 
fr
om
 h
ig
h-
in
ci
de
nc
e 
co
un
tr
ie
s 
(T
B 
in
ci
de
nc
e >
 2
00
/1
00
,0
00
) t
o 
Le
ed
s,
 E
ng
la
nd
.
Tw
o 
st
ra
te
gi
es
: 
 (i)
 Q
FT
 fi
rs
t;
 C
XR
 if
 
Q
FT
-p
os
iti
ve
 (L
ee
ds
 
pr
ot
oc
ol
) 
 (ii
) C
XR
 fi
rs
t;
 T
ST
 if
 
pr
eg
na
nt
, <
 16
-y
ea
rs
-
ol
d,
 o
r f
ro
m
 s
ub
-
Sa
ha
ra
n 
Af
ri
ca
; Q
FT
 
if 
po
si
tiv
e 
TS
T 
(N
IC
E 
pr
ot
oc
ol
)
O
ve
ra
ll,
 th
e 
Le
ed
s 
pr
ot
oc
ol
 
w
as
 c
he
ap
er
 a
nd
 id
en
tif
ie
d 
m
or
e 
ca
se
s 
of
 L
TB
I (
n 
= 
10
5)
 
th
an
 th
e 
NI
CE
 p
ro
to
co
l 
(n
 =
 8
3)
.
M
od
er
at
e 
to
 la
rg
e 
co
st
s 
co
m
pa
re
d 
w
ith
 n
o 
sc
re
en
in
g.
 
   To
ta
l c
os
t o
f L
ee
ds
 p
ro
to
co
l i
n 
28
0 
pa
tie
nt
s:
 G
BP
 9
,7
82
 (E
UR
 
12
,8
15
); 
 To
ta
l c
os
t o
f N
IC
E 
pr
ot
oc
ol
 in
 2
80
 p
at
ie
nt
s:
 G
BP
 1
3,
34
7 
(E
UR
 
17
,4
87
). 
   Al
l i
nd
iv
id
ua
ls
 fr
om
 c
ou
nt
ri
es
 w
ith
 in
ci
de
nc
e >
 2
00
/1
00
,0
00
Br
as
sa
rd
 e
t a
l. 
20
06
 [4
2]
Ce
rt
ai
nt
y 
of
 e
vi
de
nc
e:
 lo
w
. 
 Li
m
ite
d 
al
lo
w
an
ce
 w
as
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 
th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s.
 
 No
 P
SA
 w
as
 p
er
fo
rm
ed
. 
 Li
m
ite
d 
se
ns
iti
vi
ty
 a
na
ly
se
s 
un
de
rt
ak
en
, n
o 
ju
st
ifi
ca
tio
n 
fo
r r
an
ge
s 
us
ed
. 
 Ne
t s
av
in
gs
 w
er
e 
se
ns
iti
ve
 to
 ra
te
s 
of
 
ho
sp
ita
lis
at
io
n 
te
st
 p
er
fo
rm
an
ce
 c
ha
ra
ct
er
is
tic
s.
M
et
ho
d:
 c
os
t–
be
ne
fit
 a
na
ly
si
s 
of
 s
ch
oo
l-
ba
se
d 
sc
re
en
in
g 
pr
og
ra
m
m
e,
 2
0-
ye
ar
 
tim
e 
ho
ri
zo
n,
 3
%
 d
is
co
un
t r
at
e;
 re
su
lts
 in
 
Ca
na
di
an
 d
ol
la
rs
. 
   Po
pu
la
tio
n:
 n
ew
ly
 a
rr
iv
ed
 im
m
ig
ra
nt
 c
hi
ld
re
n 
to
 C
an
ad
a 
(a
ge
d 
14
–1
8 
ye
ar
s)
.
Tw
o 
st
ra
te
gi
es
: 
 (i)
 L
TB
I s
ch
oo
l 
sc
re
en
in
g 
 (ii
) P
as
si
ve
 c
as
e 
fin
di
ng
 a
nd
 a
ct
iv
e 
TB
 
tr
ea
tm
en
t
Ne
t s
av
in
gs
 fr
om
 
bo
th
 s
ch
oo
l-b
as
ed
 
sc
re
en
in
g 
an
d 
as
so
ci
at
e 
in
ve
st
ig
at
io
ns
. 
 To
ta
l n
et
 s
av
in
gs
 
fr
om
 c
on
du
ct
in
g 
bo
th
 
pr
og
ra
m
m
es
 o
f C
AD
 
36
3,
92
3 
(E
UR
 2
96
,8
03
)
M
od
er
at
e 
to
 la
rg
e 
co
st
s:
 
   To
ta
l c
os
t o
f s
ch
oo
l-b
as
ed
 s
cr
ee
ni
ng
: C
AD
 1
26
,8
71
 (E
UR
 
10
3,
47
1)
; 
 To
ta
l c
os
t o
f a
ss
oc
ia
te
d 
in
ve
st
ig
at
io
ns
: C
AD
 6
6,
59
0 
(E
UR
 
54
,3
08
).
Po
rc
o 
et
 a
l. 
20
06
 [4
3]
Ce
rt
ai
nt
y 
of
 e
vi
de
nc
e:
 lo
w
. 
 
Al
lo
w
an
ce
 w
as
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s;
 ra
ng
es
 
pr
ov
id
ed
. 
 
No
 P
SA
 w
as
 p
er
fo
rm
ed
. 
 
Li
m
ite
d 
ju
st
ifi
ca
tio
n 
fo
r r
an
ge
s 
us
ed
 in
 s
en
si
tiv
it
y 
an
al
ys
es
. 
 
Co
st
-e
ff
ec
tiv
en
es
s 
re
su
lts
 w
er
e 
m
os
tly
 ro
bu
st
 b
ut
 
se
ns
iti
ve
 to
 c
ha
ng
es
 in
 h
os
pi
ta
lis
at
io
n 
ra
te
s 
 
fo
r a
ct
iv
el
y 
fo
un
d 
an
d 
 
pa
ss
iv
el
y 
fo
un
d 
ca
se
s;
 IN
H 
he
pa
tit
is
 ra
te
s;
 
pr
op
or
tio
n 
of
 a
ct
iv
e 
ca
se
s 
id
en
tif
ie
d.
M
et
ho
d:
 d
ec
is
io
n-
an
al
yt
ic
 m
od
el
, 2
0-
ye
ar
 
tim
e 
ho
ri
zo
n,
 U
S 
do
m
es
tic
 h
ea
lth
 p
ay
er
 
pe
rs
pe
ct
iv
e,
 3
%
 d
is
co
un
t r
at
e;
 re
su
lts
 
pr
es
en
te
d 
in
 U
S 
do
lla
rs
. 
   
Po
pu
la
tio
n:
 im
m
ig
ra
nt
s 
to
 th
e 
US
.
Tw
o 
st
ra
te
gi
es
: 
 
(i)
 F
ol
lo
w
-u
p 
pr
og
ra
m
m
e 
an
d 
LT
BI
 tr
ea
tm
en
t o
f 
co
nt
ac
ts
 
 
(ii
) N
o 
fo
llo
w
-u
p 
of
 
no
tif
ic
at
io
ns
Co
st
s 
pe
r Q
AL
Y 
ra
ng
e:
 
 
US
D 
7,
00
0 
(E
UR
 −
6,
76
1)
 to
 
US
D 
72
,0
00
 (E
UR
 6
9,
54
9)
: 
   
Po
pu
la
tio
n 
of
 4
0%
 T
B 
pa
tie
nt
s 
(r
an
ge
 d
ep
en
de
nt
 
on
 p
ro
po
rt
io
n 
of
 a
ct
iv
e 
ca
se
s;
 ra
ng
e 
0–
2%
). 
   
Th
e 
tr
ea
tm
en
t i
nt
er
ve
nt
io
n 
w
as
 c
os
t-s
av
in
g 
if 
th
e 
fr
ac
tio
n 
of
 a
ct
iv
e 
ca
se
s 
w
as
 
2.
5%
 o
r a
bo
ve
.
To
ta
l c
os
ts
 n
ot
 p
ro
vi
de
d.
 R
es
ou
rc
e 
re
qu
ire
m
en
ts
 u
nc
le
ar
.
BC
G:
 B
ac
ill
us
 C
al
m
et
te
–G
ué
ri
n;
 C
AD
: C
an
ad
ia
n 
do
lla
r;
 C
EA
: c
os
t e
ff
ec
tiv
e 
an
al
ys
is
; C
XR
: c
he
st
 ra
di
og
ra
ph
y;
 E
LI
Sp
ot
: E
nz
ym
e-
Li
nk
ed
 Im
m
un
oS
po
t;
 G
BP
: B
ri
tis
h 
po
un
d;
 E
UR
: E
ur
o;
 H
IV
: h
um
an
 im
m
un
od
ef
ic
ie
nc
y 
vi
ru
s;
 IC
ER
: i
nc
re
m
en
ta
l 
co
st
-e
ff
ec
tiv
en
es
s 
ra
tio
; I
G
RA
: I
nt
er
fe
ro
n 
Ga
m
m
a 
Re
le
as
e 
As
sa
y;
 IN
B:
 in
cr
em
en
ta
l n
et
 b
en
ef
it;
 IN
H:
 is
on
ia
zi
d;
 L
TB
I: 
la
te
nt
 tu
be
rc
ul
os
is
 in
fe
ct
io
n;
 N
HS
: N
at
io
na
l H
ea
lth
 S
er
vi
ce
; N
IC
E:
 T
he
 N
at
io
na
l I
ns
tit
ut
e 
fo
r H
ea
lth
 a
nd
 C
ar
e 
Ex
ce
lle
nc
e;
 P
SA
: p
ro
ba
bi
lis
tic
 s
en
si
tiv
it
y 
an
al
ys
is
; P
ZA
: p
yr
az
in
am
id
e;
 Q
AL
Y:
 q
ua
lit
y-
ad
ju
st
ed
 li
fe
 y
ea
rs
; G
ol
d 
In
-T
ub
e;
 Q
FT
: Q
ua
nt
iF
ER
O
N;
 Q
FT
-G
IT
: Q
ua
nt
iF
ER
O
N
-T
B,
 G
ol
d 
In
-T
ub
e;
 R
IF
: r
ifa
m
pi
ci
n;
 R
M
P:
 ri
fa
m
pi
ci
n;
 S
C;
 S
ou
th
 C
ar
ol
in
a;
 
TB
: t
ub
er
cu
lo
si
s;
 T
ST
: t
ub
er
cu
lin
 s
ki
n 
te
st
; T
-S
PO
T.
TB
: E
LI
SP
O
T 
as
sa
y 
fo
r t
ub
er
cu
lo
si
s;
 U
K:
 U
ni
te
d 
Ki
ng
do
m
; U
S:
 U
ni
te
d 
St
at
es
; U
SD
: U
S 
do
lla
r;
 Y
LG
: y
ea
rs
 o
f l
ife
 g
ai
ne
d.
Th
e 
Dr
um
m
on
d 
Cr
ite
ri
a 
in
cl
ud
e 
[2
6]
: (
i) 
W
as
 a
 w
el
l-d
ef
in
ed
 q
ue
st
io
n 
po
se
d 
in
 a
ns
w
er
ab
le
 fo
rm
? 
(ii
) W
as
 a
 c
om
pr
eh
en
si
ve
 d
es
cr
ip
tio
n 
of
 th
e 
co
m
pe
tin
g 
al
te
rn
at
iv
es
 g
iv
en
 (i
.e
. c
an
 y
ou
 te
ll 
w
ho
 d
id
 w
ha
t t
o 
w
ho
m
, w
he
re
, a
nd
 h
ow
 
of
te
n)
? 
(ii
i) 
W
as
 th
e 
ef
fe
ct
iv
en
es
s 
of
 th
e 
pr
og
ra
m
m
e 
or
 s
er
vi
ce
s 
es
ta
bl
is
he
d?
 (i
v)
 W
er
e 
al
l t
he
 im
po
rt
an
t a
nd
 re
le
va
nt
 c
os
ts
 a
nd
 c
on
se
qu
en
ce
s 
fo
r e
ac
h 
al
te
rn
at
iv
e 
id
en
tif
ie
d?
 (v
) W
er
e 
co
st
s 
an
d 
co
ns
eq
ue
nc
es
 m
ea
su
re
d 
ac
cu
ra
te
ly
 
in
 a
pp
ro
pr
ia
te
 p
hy
si
ca
l u
ni
ts
 (e
.g
. h
ou
rs
 o
f n
ur
si
ng
 ti
m
e,
 n
um
be
r o
f p
hy
si
ci
an
 v
is
its
, l
os
t w
or
ki
ng
 d
ay
s,
 g
ai
ne
d 
lif
e 
ye
ar
s)
? 
(v
i) 
W
er
e 
th
e 
co
st
 a
nd
 c
on
se
qu
en
ce
s 
va
lu
ed
 c
re
di
bl
y?
 (v
ii)
 W
er
e 
co
st
s 
an
d 
co
ns
eq
ue
nc
es
 a
dj
us
te
d 
fo
r 
di
ff
er
en
tia
l t
im
in
g?
 (v
iii
) W
as
 a
n 
in
cr
em
en
ta
l a
na
ly
si
s 
of
 c
os
ts
 a
nd
 c
on
se
qu
en
ce
s 
of
 a
lte
rn
at
iv
es
 p
er
fo
rm
ed
? 
(ix
) W
as
 a
llo
w
an
ce
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s?
 (x
) D
id
 th
e 
pr
es
en
ta
tio
n 
an
d 
di
sc
us
si
on
 o
f s
tu
dy
 re
su
lts
 in
cl
ud
e 
al
l i
ss
ue
s 
of
 c
on
ce
rn
 to
 u
se
rs
?
Al
l c
ur
re
nc
ie
s 
w
er
e 
co
nv
er
te
d 
to
 2
01
5 
Eu
ro
s 
us
in
g 
th
e 
Co
ch
ra
ne
 w
eb
-b
as
ed
 c
ur
re
nc
y 
co
nv
er
si
on
 to
ol
: h
tt
ps
:/
/e
pp
i.i
oe
.a
c.
uk
/c
os
tc
on
ve
rs
io
n/
de
fa
ul
t.
as
px
. R
es
ou
rc
e 
us
e 
w
as
 e
xp
re
ss
ed
 in
 c
os
t p
er
 p
er
so
n 
an
d 
cl
as
si
fie
d 
as
 lo
w
 (s
av
in
gs
 
or
 ≤ 
US
D 
1,
00
0/
pe
rs
on
 o
r E
UR
 8
08
), 
m
od
er
at
e (
US
D 
1,
00
0–
10
0,
00
0/
pe
rs
on
 o
r E
UR
 8
08
–8
0,
84
5)
 o
r h
ig
h 
(U
SD
 ≥ 
10
0,
00
0/
pe
rs
on
 o
r E
UR
 > 
80
,8
45
).
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St
ud
y
Ce
rt
ai
nt
y 
of
 e
co
no
m
ic
 e
vi
de
nc
e 
ba
se
d 
on
 th
e 
Dr
um
m
on
d 
cr
ite
ria
 [2
6]
M
et
ho
ds
 /
po
pu
la
tio
n
In
te
rv
en
tio
n(
s)
Co
st
-e
ff
ec
tiv
en
es
s 
(IC
ER
 o
r 
IN
B)
 p
er
 c
as
e 
pr
ev
en
te
d
H
ow
 la
rg
e 
ar
e 
th
e 
re
so
ur
ce
 re
qu
ire
m
en
ts
 (c
os
ts
)
Kh
an
 e
t a
l. 
20
02
 [4
4]
Ce
rt
ai
nt
y 
of
 e
vi
de
nc
e:
 m
od
er
at
e 
 
al
lo
w
an
ce
 w
as
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s;
 ra
ng
es
 
pr
ov
id
ed
. 
 
M
on
te
 C
ar
lo
 s
im
ul
at
io
n 
w
as
 p
er
fo
rm
ed
. 
 
Ju
st
ifi
ca
tio
n 
fo
r r
an
ge
s 
us
ed
 in
 s
en
si
tiv
it
y 
an
al
ys
es
 w
as
 p
ro
vi
de
d.
 
 
Co
st
-e
ff
ec
tiv
en
es
s 
re
su
lts
 w
er
e 
m
os
tly
 ro
bu
st
, 
ho
w
ev
er
 s
en
si
tiv
e 
to
 c
ha
ng
es
 in
 IN
H 
or
 R
M
P 
re
si
st
an
ce
; c
os
t o
f R
M
P.
M
et
ho
d:
 d
ec
is
io
n-
an
al
yt
ic
 m
od
el
, r
eg
io
n-
sp
ec
ifi
c 
re
si
st
an
ce
 p
ro
fil
es
 c
on
st
ru
ct
ed
 
fr
om
 a
 c
ro
ss
-s
ec
tio
na
l d
at
as
et
. T
im
e 
ho
ri
zo
n 
w
as
 a
ve
ra
ge
 li
fe
 e
xp
ec
ta
nc
y 
of
 fo
re
ig
n-
bo
rn
 
pe
rs
on
s 
in
 th
e 
US
 m
in
us
 m
ed
ia
n 
ag
e 
of
 
m
ig
ra
nt
s.
 3
%
 d
is
co
un
t r
at
e;
 re
su
lts
 re
po
rt
ed
 
in
 U
S 
do
lla
rs
. 
   
Po
pu
la
tio
n:
 n
ew
ly
 a
rr
iv
ed
 im
m
ig
ra
nt
s 
to
 th
e 
US
.
Fo
ur
 s
tr
at
eg
ie
s:
 
 
(i)
 N
o 
in
te
rv
en
tio
n 
 
(ii
) T
ST
 fo
llo
w
ed
 b
y 
tr
ea
tm
en
t w
ith
 IN
H 
 
(ii
i) 
Tr
ea
tm
en
t 
 
w
ith
 R
M
P,
 
 
(iv
) T
re
at
m
en
t w
ith
 
RI
F 
pl
us
 P
ZA
 fo
r 
th
os
e 
w
ith
 a
 p
os
iti
ve
 
te
st
 re
su
lt
A 
st
ra
te
gy
 o
f d
et
ec
tin
g 
an
d 
tr
ea
tin
g 
LT
BI
 a
m
on
g 
im
m
ig
ra
nt
s 
w
ou
ld
 re
su
lt 
in
 
bo
th
 h
ea
lth
 b
en
ef
its
 a
nd
 
ec
on
om
ic
 s
av
in
gs
. 
 
RI
F 
m
ay
 o
nl
y 
be
 s
up
er
io
r 
to
 IN
H 
in
 m
ig
ra
nt
s 
of
 
ce
rt
ai
n 
na
tio
na
l o
rig
in
s;
 
th
is
 a
na
ly
si
s 
in
cl
ud
es
 a
 
co
m
pa
ri
so
n 
of
 IN
H 
w
ith
 a
 
hy
br
id
 R
IF
/P
ZA
 re
gi
m
e.
Co
st
s 
va
ri
ed
 c
on
si
de
ra
bl
y 
by
 c
ou
nt
ry
 o
f o
rig
in
 a
nd
 p
re
va
le
nc
e.
 
   
Co
st
s 
fo
r I
NH
 tr
ea
tm
en
t: 
 
So
ut
h 
Ko
re
a:
 U
SD
 6
.2
 m
ill
io
n 
(E
UR
 6
,5
17
,9
56
); 
 
M
ex
ic
o:
 U
SD
 6
0.
9 
m
ill
io
n 
(E
UR
 6
4,
02
3,
15
1)
. 
   
Co
st
s 
fo
r R
IF
 tr
ea
tm
en
t: 
 
So
ut
h 
Ko
re
a:
 U
SD
 6
.9
 m
ill
io
n 
(E
UR
 7
,2
53
,8
54
); 
 
M
ex
ic
o:
 U
SD
 6
9.
7 
m
ill
io
n 
(E
UR
 7
3,
27
4,
44
3)
. 
   
No
te
: c
os
ts
 v
ar
ie
d 
w
ith
 s
iz
e 
of
 im
m
ig
ra
nt
 p
op
ul
at
io
n 
an
d 
pr
ev
al
en
ce
.
Ch
an
g 
et
 a
l. 
20
02
 [4
5]
Ce
rt
ai
nt
y 
of
 e
vi
de
nc
e:
 lo
w
. 
 
No
 a
llo
w
an
ce
 w
as
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s.
 
 
No
 P
SA
 w
as
 p
er
fo
rm
ed
. 
 
No
 s
en
si
tiv
it
y 
an
al
ys
es
 u
nd
er
ta
ke
n.
 
 
Ne
t s
av
in
gs
 w
er
e 
no
t t
es
te
d 
fo
r p
la
us
ib
le
 c
ha
ng
es
 
in
 c
os
ts
 o
r b
en
ef
its
.
M
et
ho
d:
 c
os
t-
be
ne
fit
 s
tu
dy
 o
f 7
06
 fo
re
ig
n-
bo
rn
 s
tu
de
nt
s 
in
 a
 M
ar
yl
an
d 
sc
ho
ol
; r
es
ul
ts
 
pr
es
en
te
d 
in
 U
S 
do
lla
rs
. 
   
Po
pu
la
tio
n:
 fo
re
ig
n-
bo
rn
 s
ch
oo
l s
tu
de
nt
s 
in
 
th
e 
US
.
Tw
o 
st
ra
te
gi
es
: 
 
(i)
 N
o 
sc
re
en
in
g 
 
(ii
) T
ST
 s
cr
ee
ni
ng
Ne
t b
en
ef
it 
of
 U
SD
 6
5,
73
3 
(E
UR
 7
0,
67
5)
 o
f t
he
 T
ST
 
sc
re
en
in
g 
an
d 
tr
ea
tm
en
t 
in
te
rv
en
tio
n.
M
od
er
at
e 
co
st
s.
 
 
To
ta
l c
os
t o
f U
SD
 3
2,
61
7 
(E
UR
 3
5,
06
9)
 fo
r T
ST
 s
cr
ee
ni
ng
 a
nd
 
fo
llo
w
 u
p 
tr
ea
tm
en
t i
n 
70
6 
fo
re
ig
n-
bo
rn
 s
ch
oo
l s
tu
de
nt
s.
Ta
bl
e 
2g
Ch
ar
ac
te
ris
tic
s o
f i
nc
lu
de
d 
st
ud
ie
s f
or
 th
e 
re
so
ur
ce
 u
se
, c
os
ts
 a
nd
 c
os
t-e
ffe
ct
iv
en
es
s o
f l
at
en
t t
ub
er
cu
lo
sis
 sc
re
en
in
g,
 2
00
0–
20
16
BC
G:
 B
ac
ill
us
 C
al
m
et
te
–G
ué
ri
n;
 C
AD
: C
an
ad
ia
n 
do
lla
r;
 C
EA
: c
os
t e
ff
ec
tiv
e 
an
al
ys
is
; C
XR
: c
he
st
 ra
di
og
ra
ph
y;
 E
LI
Sp
ot
: E
nz
ym
e-
Li
nk
ed
 Im
m
un
oS
po
t;
 G
BP
: B
ri
tis
h 
po
un
d;
 E
UR
: E
ur
o;
 H
IV
: h
um
an
 im
m
un
od
ef
ic
ie
nc
y 
vi
ru
s;
 IC
ER
: i
nc
re
m
en
ta
l 
co
st
-e
ff
ec
tiv
en
es
s 
ra
tio
; I
G
RA
: I
nt
er
fe
ro
n 
Ga
m
m
a 
Re
le
as
e 
As
sa
y;
 IN
B:
 in
cr
em
en
ta
l n
et
 b
en
ef
it;
 IN
H:
 is
on
ia
zi
d;
 L
TB
I: 
la
te
nt
 tu
be
rc
ul
os
is
 in
fe
ct
io
n;
 N
HS
: N
at
io
na
l H
ea
lth
 S
er
vi
ce
; N
IC
E:
 T
he
 N
at
io
na
l I
ns
tit
ut
e 
fo
r H
ea
lth
 a
nd
 C
ar
e 
Ex
ce
lle
nc
e;
 P
SA
: p
ro
ba
bi
lis
tic
 s
en
si
tiv
it
y 
an
al
ys
is
; P
ZA
: p
yr
az
in
am
id
e;
 Q
AL
Y:
 q
ua
lit
y-
ad
ju
st
ed
 li
fe
 y
ea
rs
; G
ol
d 
In
-T
ub
e;
 Q
FT
: Q
ua
nt
iF
ER
O
N;
 Q
FT
-G
IT
: Q
ua
nt
iF
ER
O
N
-T
B,
 G
ol
d 
In
-T
ub
e;
 R
IF
: r
ifa
m
pi
ci
n;
 R
M
P:
 ri
fa
m
pi
ci
n;
 S
C;
 S
ou
th
 C
ar
ol
in
a;
 
TB
: t
ub
er
cu
lo
si
s;
 T
ST
: t
ub
er
cu
lin
 s
ki
n 
te
st
; T
-S
PO
T.
TB
: E
LI
SP
O
T 
as
sa
y 
fo
r t
ub
er
cu
lo
si
s;
 U
K:
 U
ni
te
d 
Ki
ng
do
m
; U
S:
 U
ni
te
d 
St
at
es
; U
SD
: U
S 
do
lla
r;
 Y
LG
: y
ea
rs
 o
f l
ife
 g
ai
ne
d.
Th
e 
Dr
um
m
on
d 
Cr
ite
ri
a 
in
cl
ud
e 
[2
6]
: (
i) 
W
as
 a
 w
el
l-d
ef
in
ed
 q
ue
st
io
n 
po
se
d 
in
 a
ns
w
er
ab
le
 fo
rm
? 
(ii
) W
as
 a
 c
om
pr
eh
en
si
ve
 d
es
cr
ip
tio
n 
of
 th
e 
co
m
pe
tin
g 
al
te
rn
at
iv
es
 g
iv
en
 (i
.e
. c
an
 y
ou
 te
ll 
w
ho
 d
id
 w
ha
t t
o 
w
ho
m
, w
he
re
, a
nd
 h
ow
 
of
te
n)
? 
(ii
i) 
W
as
 th
e 
ef
fe
ct
iv
en
es
s 
of
 th
e 
pr
og
ra
m
m
e 
or
 s
er
vi
ce
s 
es
ta
bl
is
he
d?
 (i
v)
 W
er
e 
al
l t
he
 im
po
rt
an
t a
nd
 re
le
va
nt
 c
os
ts
 a
nd
 c
on
se
qu
en
ce
s 
fo
r e
ac
h 
al
te
rn
at
iv
e 
id
en
tif
ie
d?
 (v
) W
er
e 
co
st
s 
an
d 
co
ns
eq
ue
nc
es
 m
ea
su
re
d 
ac
cu
ra
te
ly
 
in
 a
pp
ro
pr
ia
te
 p
hy
si
ca
l u
ni
ts
 (e
.g
. h
ou
rs
 o
f n
ur
si
ng
 ti
m
e,
 n
um
be
r o
f p
hy
si
ci
an
 v
is
its
, l
os
t w
or
ki
ng
 d
ay
s,
 g
ai
ne
d 
lif
e 
ye
ar
s)
? 
(v
i) 
W
er
e 
th
e 
co
st
 a
nd
 c
on
se
qu
en
ce
s 
va
lu
ed
 c
re
di
bl
y?
 (v
ii)
 W
er
e 
co
st
s 
an
d 
co
ns
eq
ue
nc
es
 a
dj
us
te
d 
fo
r 
di
ff
er
en
tia
l t
im
in
g?
 (v
iii
) W
as
 a
n 
in
cr
em
en
ta
l a
na
ly
si
s 
of
 c
os
ts
 a
nd
 c
on
se
qu
en
ce
s 
of
 a
lte
rn
at
iv
es
 p
er
fo
rm
ed
? 
(ix
) W
as
 a
llo
w
an
ce
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s?
 (x
) D
id
 th
e 
pr
es
en
ta
tio
n 
an
d 
di
sc
us
si
on
 o
f s
tu
dy
 re
su
lts
 in
cl
ud
e 
al
l i
ss
ue
s 
of
 c
on
ce
rn
 to
 u
se
rs
?
Al
l c
ur
re
nc
ie
s 
w
er
e 
co
nv
er
te
d 
to
 2
01
5 
Eu
ro
s 
us
in
g 
th
e 
Co
ch
ra
ne
 w
eb
-b
as
ed
 c
ur
re
nc
y 
co
nv
er
si
on
 to
ol
: h
tt
ps
:/
/e
pp
i.i
oe
.a
c.
uk
/c
os
tc
on
ve
rs
io
n/
de
fa
ul
t.
as
px
. R
es
ou
rc
e 
us
e 
w
as
 e
xp
re
ss
ed
 in
 c
os
t p
er
 p
er
so
n 
an
d 
cl
as
si
fie
d 
as
 lo
w
 (s
av
in
gs
 
or
 ≤ 
US
D 
1,
00
0/
pe
rs
on
 o
r E
UR
 8
08
), 
m
od
er
at
e (
US
D 
1,
00
0–
10
0,
00
0/
pe
rs
on
 o
r E
UR
 8
08
–8
0,
84
5)
 o
r h
ig
h 
(U
SD
 ≥ 
10
0,
00
0/
pe
rs
on
 o
r E
UR
 > 
80
,8
45
).
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Ta
bl
e 
2h
Ch
ar
ac
te
ris
tic
s o
f i
nc
lu
de
d 
st
ud
ie
s f
or
 th
e 
re
so
ur
ce
 u
se
, c
os
ts
 a
nd
 c
os
t-e
ffe
ct
iv
en
es
s o
f l
at
en
t t
ub
er
cu
lo
sis
 sc
re
en
in
g,
 2
00
0–
20
16
BC
G:
 B
ac
ill
us
 C
al
m
et
te
–G
ué
ri
n;
 C
AD
: C
an
ad
ia
n 
do
lla
r;
 C
EA
: c
os
t e
ff
ec
tiv
e 
an
al
ys
is
; C
XR
: c
he
st
 ra
di
og
ra
ph
y;
 E
LI
Sp
ot
: E
nz
ym
e-
Li
nk
ed
 Im
m
un
oS
po
t;
 G
BP
: B
ri
tis
h 
po
un
d;
 E
UR
: E
ur
o;
 H
IV
: h
um
an
 im
m
un
od
ef
ic
ie
nc
y 
vi
ru
s;
 IC
ER
: i
nc
re
m
en
ta
l 
co
st
-e
ff
ec
tiv
en
es
s 
ra
tio
; I
G
RA
: I
nt
er
fe
ro
n 
Ga
m
m
a 
Re
le
as
e 
As
sa
y;
 IN
B:
 in
cr
em
en
ta
l n
et
 b
en
ef
it;
 IN
H:
 is
on
ia
zi
d;
 L
TB
I: 
la
te
nt
 tu
be
rc
ul
os
is
 in
fe
ct
io
n;
 N
HS
: N
at
io
na
l H
ea
lth
 S
er
vi
ce
; N
IC
E:
 T
he
 N
at
io
na
l I
ns
tit
ut
e 
fo
r H
ea
lth
 a
nd
 C
ar
e 
Ex
ce
lle
nc
e;
 P
SA
: p
ro
ba
bi
lis
tic
 s
en
si
tiv
it
y 
an
al
ys
is
; P
ZA
: p
yr
az
in
am
id
e;
 Q
AL
Y:
 q
ua
lit
y-
ad
ju
st
ed
 li
fe
 y
ea
rs
; G
ol
d 
In
-T
ub
e;
 Q
FT
: Q
ua
nt
iF
ER
O
N;
 Q
FT
-G
IT
: Q
ua
nt
iF
ER
O
N
-T
B,
 G
ol
d 
In
-T
ub
e;
 R
IF
: r
ifa
m
pi
ci
n;
 R
M
P:
 ri
fa
m
pi
ci
n;
 S
C;
 S
ou
th
 C
ar
ol
in
a;
 
TB
: t
ub
er
cu
lo
si
s;
 T
ST
: t
ub
er
cu
lin
 s
ki
n 
te
st
; T
-S
PO
T.
TB
: E
LI
SP
O
T 
as
sa
y 
fo
r t
ub
er
cu
lo
si
s;
 U
K:
 U
ni
te
d 
Ki
ng
do
m
; U
S:
 U
ni
te
d 
St
at
es
; U
SD
: U
S 
do
lla
r;
 Y
LG
: y
ea
rs
 o
f l
ife
 g
ai
ne
d.
Th
e 
Dr
um
m
on
d 
Cr
ite
ri
a 
in
cl
ud
e 
[2
6]
: (
i) 
W
as
 a
 w
el
l-d
ef
in
ed
 q
ue
st
io
n 
po
se
d 
in
 a
ns
w
er
ab
le
 fo
rm
? 
(ii
) W
as
 a
 c
om
pr
eh
en
si
ve
 d
es
cr
ip
tio
n 
of
 th
e 
co
m
pe
tin
g 
al
te
rn
at
iv
es
 g
iv
en
 (i
.e
. c
an
 y
ou
 te
ll 
w
ho
 d
id
 w
ha
t t
o 
w
ho
m
, w
he
re
, a
nd
 h
ow
 
of
te
n)
? 
(ii
i) 
W
as
 th
e 
ef
fe
ct
iv
en
es
s 
of
 th
e 
pr
og
ra
m
m
e 
or
 s
er
vi
ce
s 
es
ta
bl
is
he
d?
 (i
v)
 W
er
e 
al
l t
he
 im
po
rt
an
t a
nd
 re
le
va
nt
 c
os
ts
 a
nd
 c
on
se
qu
en
ce
s 
fo
r e
ac
h 
al
te
rn
at
iv
e 
id
en
tif
ie
d?
 (v
) W
er
e 
co
st
s 
an
d 
co
ns
eq
ue
nc
es
 m
ea
su
re
d 
ac
cu
ra
te
ly
 
in
 a
pp
ro
pr
ia
te
 p
hy
si
ca
l u
ni
ts
 (e
.g
. h
ou
rs
 o
f n
ur
si
ng
 ti
m
e,
 n
um
be
r o
f p
hy
si
ci
an
 v
is
its
, l
os
t w
or
ki
ng
 d
ay
s,
 g
ai
ne
d 
lif
e 
ye
ar
s)
? 
(v
i) 
W
er
e 
th
e 
co
st
 a
nd
 c
on
se
qu
en
ce
s 
va
lu
ed
 c
re
di
bl
y?
 (v
ii)
 W
er
e 
co
st
s 
an
d 
co
ns
eq
ue
nc
es
 a
dj
us
te
d 
fo
r 
di
ff
er
en
tia
l t
im
in
g?
 (v
iii
) W
as
 a
n 
in
cr
em
en
ta
l a
na
ly
si
s 
of
 c
os
ts
 a
nd
 c
on
se
qu
en
ce
s 
of
 a
lte
rn
at
iv
es
 p
er
fo
rm
ed
? 
(ix
) W
as
 a
llo
w
an
ce
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s?
 (x
) D
id
 th
e 
pr
es
en
ta
tio
n 
an
d 
di
sc
us
si
on
 o
f s
tu
dy
 re
su
lts
 in
cl
ud
e 
al
l i
ss
ue
s 
of
 c
on
ce
rn
 to
 u
se
rs
?
Al
l c
ur
re
nc
ie
s 
w
er
e 
co
nv
er
te
d 
to
 2
01
5 
Eu
ro
s 
us
in
g 
th
e 
Co
ch
ra
ne
 w
eb
-b
as
ed
 c
ur
re
nc
y 
co
nv
er
si
on
 to
ol
: h
tt
ps
:/
/e
pp
i.i
oe
.a
c.
uk
/c
os
tc
on
ve
rs
io
n/
de
fa
ul
t.
as
px
. R
es
ou
rc
e 
us
e 
w
as
 e
xp
re
ss
ed
 in
 c
os
t p
er
 p
er
so
n 
an
d 
cl
as
si
fie
d 
as
 lo
w
 (s
av
in
gs
 
or
 ≤ 
US
D 
1,
00
0/
pe
rs
on
 o
r E
UR
 8
08
), 
m
od
er
at
e (
US
D 
1,
00
0–
10
0,
00
0/
pe
rs
on
 o
r E
UR
 8
08
–8
0,
84
5)
 o
r h
ig
h 
(U
SD
 ≥ 
10
0,
00
0/
pe
rs
on
 o
r E
UR
 > 
80
,8
45
).
a  2
00
7 
Eu
ro
s 
w
er
e 
co
nv
er
te
d 
to
 2
01
5 
Eu
ro
s 
fo
r c
om
pa
ra
bi
lit
y.
St
ud
y
Ce
rt
ai
nt
y 
of
 e
co
no
m
ic
 e
vi
de
nc
e 
ba
se
d 
on
 th
e 
Dr
um
m
on
d 
cr
ite
ria
 [2
6]
M
et
ho
ds
 /
po
pu
la
tio
n
In
te
rv
en
tio
n(
s)
Co
st
-e
ff
ec
tiv
en
es
s 
(IC
ER
 o
r 
IN
B)
 p
er
 c
as
e 
pr
ev
en
te
d
H
ow
 la
rg
e 
ar
e 
th
e 
re
so
ur
ce
 re
qu
ire
m
en
ts
 (c
os
ts
)
Sh
ah
 e
t a
l. 
20
12
 
[3
4]
Ce
rt
ai
nt
y 
of
 e
vi
de
nc
e:
 h
ig
h.
 
 
Al
lo
w
an
ce
 w
as
 m
ad
e 
fo
r u
nc
er
ta
in
ty
 in
 th
e 
es
tim
at
es
 o
f c
os
ts
 a
nd
 c
on
se
qu
en
ce
s.
 
 
PS
A 
w
as
 p
er
fo
rm
ed
. 
 
Se
ns
iti
vi
ty
 a
na
ly
se
s 
un
de
rt
ak
en
 a
nd
 ju
st
ifi
ca
tio
n 
fo
r r
an
ge
s 
of
 m
od
el
 e
st
im
at
es
 p
ro
vi
de
d.
 
 
Co
st
-e
ff
ec
tiv
en
es
s 
re
su
lts
 w
er
e 
ro
bu
st
 to
 a
ll 
ch
an
ge
s 
in
 k
ey
 m
od
el
 p
ar
am
et
er
s.
M
et
ho
d:
 d
ec
is
io
n-
an
al
yt
ic
 m
od
el
. C
EA
 
un
de
rt
ak
en
 fr
om
 a
 U
S 
he
al
th
 s
ys
te
m
 
pe
rs
pe
ct
iv
e,
 o
ve
r a
 1
- a
nd
 5
-y
ea
r t
im
e 
ho
ri
zo
n.
 C
os
ts
 p
re
se
nt
ed
 in
 2
01
2 
US
 d
ol
la
rs
, 
di
sc
ou
nt
ed
 a
t 3
%
 p
er
 a
nn
um
. 
   
Po
pu
la
tio
n:
 in
di
vi
du
al
s 
re
fe
rr
ed
 to
 p
ub
lic
 
he
al
th
 c
lin
ic
s 
w
ith
 s
us
pe
ct
ed
 L
TB
I o
n 
th
e 
ba
si
s 
of
 a
 p
os
iti
ve
 T
ST
.
Tw
o 
st
ra
te
gi
es
: 
 
(i)
 T
re
at
 a
ll 
TS
T-
po
si
tiv
e 
re
fe
rr
al
s 
 
(ii
) T
re
at
 th
os
e 
 
w
ith
 p
os
iti
ve
 re
su
lts
 
on
 a
dj
un
ct
iv
e 
Q
FT
-
G
IT
 te
st
in
g
US
D 
1,
20
2 
(E
UR
 9
83
) p
er
 
Q
AL
Y 
ga
in
ed
 w
ith
 T
ST
 +
 Q
FT
 
vs
 T
ST
 a
lo
ne
.
Ne
gl
ig
ib
le
 c
os
ts
 a
nd
 s
av
in
gs
. 
 
Re
so
ur
ce
 u
se
, T
ST
 a
lo
ne
: s
ym
pt
om
 s
cr
ee
n,
 C
XR
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latent TB screening in migrant populations (Figure 
2). After removal of duplicates, 2,884 studies were 
screened by title and abstract. A total of 127 studies 
were selected for full text assessment. We did not iden-
tify any single study on the effectiveness of LTBI screen-
ing in migrants or the general population. We therefore 
included seven systematic reviews that addressed the 
LTBI screening chain of evidence; the test properties 
of LTBI screening tests (n = 3) [20,27,28], the efficacy 
and harms of LTBI therapies (n = 2) [29,30], and the LTBI 
care cascade including uptake of screening and treat-
ment initiation and completion (n = 2) [31,32]. In the 
economic search 2,869 articles were identified. After 
duplicate removal 2,740 articles were screened by title 
and abstract (Figure 3). A total of 37 studies underwent 
full text assessment and 16 individual studies were 
included [33-48].
Performance of diagnostic tests for latent 
tuberculosis infection
Three systematic reviews assessed the properties of 
the diagnostic tests used in LTBI screening (Table 1). 
The systematic reviews by Pai et al. and Kahwati et al. 
evaluated the performance of TST and IGRA in popu-
lations not vaccinated with bacillus Calmette–Guérin 
(BCG) and found that the TST, at a 10 mm cut-off, and 
IGRA had similar and good sensitivity (79%) and high 
specificity (> 97%) to detect LTBI [20,27]. In addition, 
Pai et al. showed that the TST was limited by lower 
specificity (59%) in BCG-vaccinated populations [27]. 
The third systematic review by Kik et al. estimated the 
ability of TST or IGRA to predict the risk of developing 
active TB among those with LTBI [28]. We included and 
present the data from eight of the 29 studies in the Kik 
review as they were the only ones that performed both 
TST and IGRA in the same study subjects and com-
pared the results to those with a negative test [28]. 
The positive predictive value (PPV) and the pooled 
incidence rate ratios (IRR) estimated by comparing 
test-positive and -negative cohorts were similar for TST 
and IGRA. Both predicted the development of active TB 
poorly [28]. The PPV (range) and the IRR (95% CI) were, 
respectively, 1–7% and 2.07 (1.38–3.11) for the TST and 
0–13% and 2.40 (1.26–4.60) for the IGRA [28].
Efficacy and harms of therapy for latent 
tuberculosis infection
Two systematic reviews examined the efficacy and 
associated harms of latent TB therapies to prevent 
the development of active TB [29,30]. Both reviews 
found that the efficacy of several different regimens of 
rifampicin (RIF) (monotherapy and combinations) was 
low to moderate and equivalent to isoniazid (INH) treat-
ment for 6–12 months. Stagg et al. published a network 
meta-analysis of 53 randomised controlled trials on 
the efficacy and harms of different latent TB regimens 
in which 42 were directly compared [29]. In the meta-
analysis of the nine placebo-controlled trials, the odds 
of developing active TB among those who took INH 
for 6 months compared with placebo were 0.64 (95% 
CI: 0.48–0.83). In the network meta-analysis of all 53 
studies, the odds of developing active TB in the 3–4 
months of RIF regimen compared with placebo were 
0.41 (0.18–0.86) [29]. The Cochrane review by Sharma 
et al. found similar efficacy for the following three com-
parisons: (i) RIF monotherapy for 3–4 months vs INH 
for 6–9 months, (ii) RIF + INH for 3 months vs INH for 
6–9 months and (iii) weekly rifapentine (RFP) + INH for 
3 months vs INH for 9 months. The comparative relative 
risks (RR) with 95% CI for these rifamycin combinations 
vs INH were 0.81 (0.47 to 1.4), 1.08 (0.65 to 1.79) and 
0.44 (0.18 to 1.07), respectively [30]. In that review, the 
RIF-based regimens were better tolerated, with lower 
RR of hepatotoxicity (0.15; 95% CI: 0.07–0.4), and had 
better adherence (82% vs 69%, RR = 1.19 (95% CI: 
1.16–1.22)) [30].
Latent tuberculosis infection care cascade: 
screening uptake and completion of therapy
Two systematic reviews reported on the LTBI care cas-
cade including the uptake of screening and treatment 
as well as initiation and completion of therapy [31,32]. 
Alsdurf et al found that only 18.8% of all those eligible 
for screening completed LTBI therapy and that the rate 
was low for all sub-groups, including migrants (14.3%) 
[31]. This was due to progressive losses at all stages 
of the care cascade: 71.9% (95% CI: 71.8–72.0) com-
pleted testing, 43.7% (95% CI: 42.5–44.9) completed 
medical evaluation, 35.0% (95% CI: 33.8–36.4) were 
recommended for treatment and 18.8% (95% CI: 16.3-
19.7) completed treatment if started [31]. Sandgren 
et al. found that treatment initiation (23–97%) and 
treatment completion (7–86%) varied widely among 
migrants [32].
Resource use, cost and cost-effectiveness of 
screening for latent tuberculosis infection
The cost-effectiveness analysis of studies summa-
rised in our review focused primarily on comparisons 
between LTBI screening strategies (e.g. TST, IGRA or 
sequential TST/IGRA), comparisons with other screen-
ing techniques such as chest radiography (CXR) for 
active TB, a combination of CXR/TST, or no screening, 
among different risk groups (Table 2). The strategies 
compared were heterogeneous across most studies. 
Eleven of the 16 included studies addressed an LTBI 
screening strategy and included a migrant group; 
however, only three studies were specifically about 
migrants in EU/EEA countries [35,40,48]. The cost-
effectiveness of screening strategies was dependant 
on test characteristics, which tests were being com-
pared, the cost of tests and whether or not the popula-
tion was BCG-vaccinated.
Four studies reported that screening with a single-
step IGRA was less costly or more cost-effective rela-
tive to TST screening in migrants to prevent incident 
TB [33,35,36,48]. In one study in the US by Linas et 
al., a single IGRA dominated TST in all comparisons. 
However, IGRA was only cost-effective at a willingness-
to-pay threshold of less than USD 75,000 per QALY (EUR 
62,496/QALY) compared with no screening among 
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migrants younger than 25 years of age, with an incre-
mental cost-effectiveness ratio (ICER) ranging from 
USD 52,900–74,800 per QALY (EUR 44,080–62,329/
QALY). For migrants older than 45 years, the interven-
tion was unlikely to be cost-effective, with an ICER for 
IGRA vs no screening between USD 103,000–283,000 
per QALY gained (EUR 85,827–235,817/QALY) [36]. 
Two studies conducted in the United Kingdom (UK) by 
Pareek et al. found that performing an IGRA in migrants 
aged 16–35 years and originating from countries with 
a TB incidence of > 150 per 100,000 was the most cost-
effective LTBI strategy, with an ICER of ca GBP 20,000 
(EUR 24,211) to GBP 30,000 (EUR 36,317) per active TB 
case prevented [35,48].
Other studies investigated the optimal LTBI testing 
strategy in different high-risk populations such as 
contacts of active cases or migrants from TB-endemic 
countries [38,39,41]. Sequential TST/IGRA testing was 
preferred over single TST or IGRA, especially in those 
who had a high likelihood of a true positive TST (LTBI 
prevalence > 5%) and were BCG-vaccinated after infancy 
[39,41]. Oxlade et al. found that sequential TST-IGRA 
screening was cost-effective compared with single-
step IGRA screening. That study suggested that it 
was most cost-effective to use an IGRA to screen TST-
positive cases, and that IGRA screening was favoured 
only among those who had received BCG vaccination 
after infancy [41]. In a French study by Deuffic-Burban, 
sequential TST-IGRA screening was a more cost-effec-
tive strategy for BCG-vaccinated close contacts of 
active TB patients than IGRA alone [39]. For TST-IGRA 
compared with no testing, the ICER was EUR 560 (EUR 
581, as per 2015) per year of life gained (YLG), and for 
IGRA compared with TST-IGRA, the ICER was EUR 730 
(EUR 757) per YLG in the scenario when LTBI preva-
lence was more than 5%. This was robust across a wide 
range of LTBI prevalence. In the study by Pooran et 
al., sequential TST-IGRA testing was more cost-effec-
tive compared with no screening or single-step TST, 
with an incremental cost per active case prevented of 
GBP 37,699 (EUR 48,020) to GBP 37,206 (EUR 47,392) 
among contacts of active TB [38].
Discussion
There were no single studies that directly addressed 
the effectiveness of latent TB screening programmes on 
the health outcomes of migrants. Therefore, we evalu-
ated the LTBI screening chain of evidence. The majority 
of TB cases in low TB incidence countries in the EU/
EEA occur in migrants born in countries with higher TB 
incidence and occur primarily due to reactivation of 
latent infection. The tools to detect and treat LTBI, how-
ever, have many limitations. IGRA and TST have high 
sensitivity to detect LTBI but they both predicted the 
development of active TB poorly [20,27,28]. All latent 
TB therapies were equivalent but their effectiveness 
in preventing the development of active TB was only 
low to moderate [29,30]. RIF regimens may be prefer-
able because they have considerably lower hepatotox-
icity and higher treatment completion rates than INH 
[30]. The LTBI care cascade is weak as only a minor-
ity of patients (both general population and migrants) 
eligible for LTBI screening actually complete LTBI treat-
ment [31]. Limited economic analyses of LTBI screen-
ing among migrants suggest that targeted screening 
for young migrants from high TB incidence countries 
(> 150/100,000) is the most cost-effective strategy [35].
The WHO  End TB Strategy, with a goal to eliminate TB 
by 2050, highlights the need to decrease the substan-
tial reservoir of individuals with latent TB infection at 
risk of progression to active TB [49,50]. A substantial 
proportion of migrants were born in high TB burden 
countries and many have latent TB infection (26–46%) 
[4,13]. A major challenge is identifying those at highest 
risk for progression to active disease so that targeted 
programmes can be developed that will promote the 
health of migrants and have the highest public health 
impact.
Ca 5–15% of individuals with latent infection will 
develop active TB during their lifetime [51,52]. The 
groups at highest risk of progression to active TB dis-
ease are those with immunosuppressive conditions 
(i.e. HIV infection, immunosuppressive therapies with 
anti-tumour necrosis factor treatment, organ transplan-
tation or dialysis) and those infected recently [6]. The 
risk of disease progression is greatest close to the time 
of infection, with almost half of disease progression 
cases occurring within the first 2–3 years after expo-
sure [53]. Migrants arriving from endemic areas have 
the highest rates of active TB soon after arrival in host 
countries, which is probably due to recent exposure in 
their countries of origin. Fifty per cent of cases, how-
ever, occur 5 or more years after arrival and the risk 
remains elevated throughout their lifetime [54-57]. 
Being an asylum seeker or refugee, TB exposure dur-
ing crowded conditions or perilous journeys to host 
countries, or recent travel back to TB-endemic coun-
tries of origin may also increase the risk of active TB 
in the migrant population [58-60]. The complex epide-
miology of TB among migrants needs to be taken into 
consideration when developing LTBI programmes for 
this population to ensure the highest individual and 
public health benefit. The lack of robust population-
based data is, however, a major obstacle in develop-
ing targeted LTBI programmes for migrants. Estimates 
on the individual, combined and attributable popula-
tion contribution of each of these risk factors to devel-
oping TB among migrants will be required. There are 
also few studies on cost-effectiveness to inform latent 
TB programmes concerning migrants. Only two stud-
ies conducted in the UK specifically addressed which 
migrant groups should be targeted for LTBI screening 
and treatment [35,48]. These results however, may not 
be generalisable to all EU/EEA countries as willingness 
to pay thresholds, per capita health care expenditures, 
and health priorities vary between countries.
In addition to these data gaps, the tools to diag-
nose and treat latent TB have limitations. The LTBI 
care cascade is weak, lowering the effectiveness and 
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impact of screening programmes. Both TST and IGRA 
poorly predict the small proportion (< 15%) of those 
infected with TB who will progress to active disease. 
As a consequence, a large number of people need to 
be screened and treated to prevent one case of active 
TB [6]. Operational issues related to TST and IGRA may 
decrease screening uptake: The TST requires a second 
visit 48–72 h after the first visit to read the skin test 
induration (test result) and IGRA testing is generally 
costlier than TST and may not be as widely available 
in EU/EEA countries [61]. Patients with latent TB are 
asymptomatic and thus long treatment regimens rang-
ing from 3 to 9 months lead to poor treatment comple-
tion [32]. The latent TB care cascade involves several 
steps including identifying patients in need of screen-
ing, offering screening and treatment by providers, and 
uptake and completion of screening and treatment by 
patients. This process requires the understanding and 
engagement of patients and providers. The low propor-
tion of those eligible for screening who complete LTBI 
treatment is a result of losses at every point of the care 
cascade because of barriers at patient, provider and 
structural level [31].
Migrants encounter several barriers in accessing 
healthcare and consequently, treatment initiation 
(23–97%) and completion rates (7–86%) are variable 
[21,32,62,63]. In addition, practitioners may lack ade-
quate knowledge of which migrants should be screened 
and treated [21,64]. Addressing barriers at both the 
patient and provider level will therefore be required to 
strengthen the LTBI care cascade and to ensure indi-
vidual and public health benefits of LTBI programmes. 
With the adoption of the WHO End TB Strategy there is 
recognition of the importance of scaling up preventive 
therapy. Less than half of EU/EEA countries, however, 
have LTBI programmes for migrants and there are 
numerous challenges to developing and implementing 
new programmes [11,14,15]. These include the hetero-
geneity of populations and migrant subgroups affected 
by TB in individual EU/EAA countries as well as eco-
nomic and operational considerations. LTBI screening 
programmes will therefore need to be tailored to the 
local TB epidemiology in host countries, the TB risk in 
migrant sub-groups, and implementation based on the 
health priorities and economic and healthcare capacity 
in each setting [2,3].
Study limitations
Our study was limited by the fact that we did not retrieve 
any studies that directly estimated the effectiveness 
of LTBI screening programmes among migrants or the 
general population. There are limited data on the cost-
effectiveness of LTBI screening in these populations. 
The search was limited by the fact that it was conducted 
only up until May 2016 and that we only included stud-
ies published in English or French. A recent narrative 
review of the effectiveness and cost-effectiveness, 
however, found similar literature and findings as our 
study [65]. Our findings are further limited by the low 
or very low quality of most of the original studies that 
were included in the systematic reviews.
Evidence gaps and future directions
Better evidence is urgently needed on the individual, 
combined and attributable population contribution of 
risk factors leading to progression from LTBI to active 
TB in migrants. Intervention studies that determine 
how to improve the identification of target populations 
and retain them in care along with cost-effectiveness 
studies that use this intervention and the epidemio-
logical data will be needed to develop programmes 
with the highest impact. Ultimately, better diagnostic 
tests that accurately predict those individuals who will 
develop active TB as well as shorter, well-tolerated and 
more effective treatment to promote adherence, will be 
needed to achieve TB elimination.
Conclusions
The latent TB burden among migrants needs to be 
addressed in order to promote the health of this popu-
lation and to achieve TB elimination in the EU/EEA. At 
present, broad implementation of LTBI screening and 
treatment programmes is hindered by the large pool 
of migrants with LTBI (a small proportion of whom will 
develop active TB), diagnostic tests that poorly pre-
dict which individuals will develop active TB, long LTBI 
treatment regimens, as well as several patient, pro-
vider and institutional barriers that lead to poor uptake 
of screening and treatment completion. Despite these 
limitations, migrant-focused latent TB screening pro-
grammes may be effective and cost-effective if they are 
highly targeted and well implemented.
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